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57 ABSTRACT 
The present invention relates to a highly sensitive diag 
nostic/prediagnostic test to identify persons at risk of a 
thrombotic event. Thrombotic events include myocar 
dial infarction, deep venous thrombosis, pulmonary 
embolism, thromboembolic stroke pulmonary embolism 
deep venous and cardiovascular disease. The test is 
based on the early detection of elevated levels of resting 
platelet surface thrombospondin. The present invention 
also includes methods of determining the presence of 
thrombospondin on the surface TSP receptors of rest 
ing platelets in a biological sample. An anti-thrombo 
spondin monoclonal antibody which is specific for 
thrombospondin on resting platelets is also disclosed. A 
diagnostic test in the form of a test kit for the determina 
tion of thrombospondin levels in a patient sample, and 
also for the prediagnosis of persons at risk for throm 
botic events, is also described. 

31 Claims, 10 Drawing Sheets 
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DETECTION OF EARLY PLATELET ACTIVATION 
AND PREDAGNOSIS OF THROMBOTC EVENTS 

The government may own rights to the present in 
vention as relevant research was funded by NIH grant 
HL39702. 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates to the field of throm 

botic disorders and diagnostic tests to predict their on 
set. More specifically, the present invention relates to 
the field of early diagnostic tests for the prediction of 
thrombotic events such as myocardial infarction, 
thromboembolism, stroke and related conditions. 

In that the method whereby these thrombotic events 
are predicted is based on the presence of thrombospon 
din on the surface of a very small number of activated 
cells and more importantly a much larger number of 
resting platelets, the present invention relates to meth 
ods of analyzing resting platelets and their associated 
molecules. More specifically, the present invention re 
lates to methods of analyzing resting platelets to qualita 
tively and quantitatively measure thrombospondin pres 
ent on TSP receptors on the surface of resting platelets 
in a biological sample. Most specifically, the present 
invention relates to the field of determining thrombo 
spondin concentrations as present on the population of 
resting platelets in a biological sample. 
The invention also relates to the field of monoclonal 

and polyclonal antibodies, more particularly, a specific 
monoclonal antibody capable of immunologically bind 
ing with thrombospondin present on the surface of 
resting platelet surface TSP receptors is most preferably 
used in the described diagnostic and predictive meth 
ods. 
As the present invention relates generally to the field 

of method for monitoring slight increases in platelet 
activation the described invention also relates to meth 
ods by which the effects of anti-thrombotic regimens in 
post-thrombotic patients can be evaluated and moni 
tored in the patient. The present invention also relates 
to the field of post-thrombotic event monitoring sys 
tems, as the present techniques can also be used to deter 
mine if post-thrombotic resting platelet TSP concentra 
tions have returned to "normal' or pre-thrombotic 
levels. 
The present invention also relates to the field of diag 

nostic kits, as a particular diagnostic kit for use in the 
screening of biological samples to determine persons at 
risk of a thrombotic event is disclosed. The prediction 
of a thrombotic event is accomplished by the inclusion 
in the diagnostic kit of a monoclonal or polyclonal 
antibody (or Fab fragment thereof) which is capable of 
binding thrombospondin on resting platelets. In the 
disclosed diagnostic test, elevated levels of antibody 
binding to resting platelets indicate a person at potentiai 
risk of a thrombotic event. 

2. Description of the Related Art 
Cardiovascular disease presents a serious health risk 

throughout the world and is the leading cause of death 
in the United States. According to the American Heart 
Association, as of 1988, 6.08 million Americans suffered 
from coronary disease, while as of this year an addi 
tional 2.93 million Americans suffered from the devas 
tating after effects of stroke. During 1988, a less fortu 
nate 150,300 Americans died of stroke, while 511,050 
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2 
died of coronary heart failure. More than 300,000 peo 
ple a year die of heart attack prior to reaching a medical 
facility. These statistics clearly support the need for a 
clinical test to identify these individuals before a major 
thrombotic event occurs. 

In addition to these distressing statistics, the esti 
mated cost of cardiovascular diseases in 1991 in terms of 
health care and medication in the United States alone 
was estimated to be about 101.3 billion dollars. An item 
ized analysis of these costs reveals that only 5.4 billion 
dollars (less than 6% of the total estimated expendi 
tures) was related to the cost of medications in treating 
these conditions, while the remainder relates to costs 
associated with hospitalization, nursing care and lost 
output.36 Clearly, these figures reflect that the current 
clinical management of these conditions is through the 
treatment of post-event symptoms, rather than through 
regimens to prevent or reduce the severity of an oncom 
ing thrombotic event. 
One reason for the lack of emphasis on clinical tech 

niques for the prevention of a thrombotic event is the 
clinical inadequacy of current methods to timely indi 
cate an oncoming thrombotic event. Generally, there 
are no symptoms preceding a damaging thrombotic 
event, such as a thrombogenic stroke. Some limited 
platelet activation has been reported to preclude myo 
cardial infarction, thrombotic stroke, and deep venous 
thrombosis.4, 5, 17, 33, 34, 36, 42,47, 48 Therefore, several 
techniques proposed for detecting platelet activation 
have included the monitoring of platelet-secreted prote 
ins, such as the several platelet proteins.47, 42, 4, 49, 50 
Methods for examining the thrombotic event have 

been developed based on particular "marker' proteins, 
most specifically, proteins present on the surface of 
activated platelets.'7, 42, 4, '9, so However, the opportu 
nity to clinically intervene in time to preclude thrombus 
formation is often lost by the time the concentration of 
activated platelets in the circulation reaches detectable 
levels. 
An analysis of particular platelet proteins contem 

plated as potential "markers' of platelet activation and 
/or pre-indicators of thrombotic events requires their 
individual evaluation in light of the following criteria: 
1. Clearance Time-The compound should not be rap 

idly cleared from the system being monitored. 
2. Measurability-The compound should be accurately 

measurable. 
3. Specificity-The compound must be specific for 

indicating an imminent increase in platelet activation, 
and hence onset of thrombus formation is soon to 
occur in vivo. 
Once platelets become activated, they do not enjoy a 

normal intravascular survival. The decreased intravas 
cular survival of activated platelets tends to also de 
crease the sensitivity of an assay directed at the circulat 
ing activated platelets themselves." 

Several of the proposed platelet "marker' proteins 
are released as a consequence of the particular condition 
of the patient (diseased vs non-diseased state) and the 
particular handling and sampling techniques used in 
obtaining the sample,47, 42, 4, 49, 50 For example, BTG 
and PF4 are two platelet proteins which are released as 
a consequence of limited platelet activation, but these 
molecules are rapidly cleared from the circulation and a 
good correlation between elevated levels of these prote 
ins in plasma and pre-thrombotic conditions has not 
been established.47, 42, 4, 49, 50 
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Other adhesive platelet proteins, such as fi 
brinogen,37. 38 von Willebrand factor and fibronectin, 
bind only to GPIb/IIIa complex present on the surface 
of physiologically “activated" platelets.8, 59, 6, 64, 24, 60, 
6, 62,63, 65, 66 

Antibodies directed against activated platelet se 
creted proteins are typically used to detect surface pro 
teins via radioimmunoassay. Expression of these and 
other adhesive proteins on the platelet cell surface oc 
curs upon platelet stimulation and secretion of alpha 
granule components. By way of example, particular 
proteins which are secreted by activated platelets in 
clude fibrinogen, fibronectin, von Willebrand factor, 
beta-thromboglobin (3TG), platelet factor 4 and 
thrombospondin. 17, 33,34, 36, 47,42, 5,48, 4,49, 50, 8, 59, 6,64, 
24,60, 61, 62,63, 65,66 Some of the secreted proteins appear 
on the surfaces of the small number of activated plate 
lets while others are rapidly cleared from the circula 
tion. Of these proteins, only thrombospondin is known 
to interact with not only the limited number of acti 
wated cells (which are likely to be cleared from the 
circulation by adhering to the endothelium), but also 
the larger population of circulating non-activated plate 
lets.67, 68, 69, 70, 71 
While the GP11b/IIIb complex is present on both 

resting and activated platelets, these two components 
form a functional (i.e., able to support the binding of 
adhesive proteins to the platelet surface) "binding' site 
only when the platelet is in an activated state.72.73 Ear 
lier studies have not been successful in detecting this 
very limited number of cells prior to thrombosis. A 
further deterrent to the measurement of activated plate 
lets is due to the adhesive properties of activated cells 
which result in their rapid clearance from the circula 
tion due to platelet aggregation and interaction with 
damaged endothelium.57,58Thus, use of these particular 
platelet proteins as "markers' or "predictors' of throm 
bosis is not sufficiently sensitive enough to signal slight 
increases in platelet activation, or the beginnings of an 
imminent thrombotic event. 
Although the degree of platelet adhesiveness has 

been correlated to the degree of thrombotic risk (Shaw, 
1967), or with the incidence of thrombotic disease 
(Bygdeman, 1969), it has not been possible to predict 
whether an individual falls into a particular "high' risk 
group through monitoring platelet "adhesive' proteins. 
Primarily, the lack of sensitivity of the above "marker' 
proteins which are found only in association with the 
small population of activated platelets (due to the rea 
sons cited above) make such measurements unreliable. 
In addition, such measurements are subject to consider 
able variability. 13 
The Ginsberg patent describes a method for detecting 

activated platelets using an imaging reagent monoclonal 
antibody capable of binding thrombospondin expressed 
on the surface of activated platelets.22 Specifically, the 
Ginsberg patent focuses on the detection of relatively 
large thrombi consisting of platelet aggregates within 
the body after the intravenous introduction of the radio 
active imaging reagent monoclonal antibody into the 
patient. Clearly such a relatively invasive method, 
while of value in detecting the location of large thrombi 
in post-thrombotic patients, would have little value as a 
convenient non-invasive, predictive methodology. The 
relatively low resolution and sensitivity of the imaging 
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techniques employed would preclude detection of 65 
thrombospondin on the circulating population of rest 
ing platelets as well as small, nascent platelet aggregates 
that would be expected in pre-thrombotic patients. Cur 

4. 
rently, the inability to detect platelet activation early in 
the pre-thrombotic stage often results in the loss of an 
opportunity to effectively intervene clinically to halt 
exponential platelet activation and thrombi formation. 
Assay methods used to monitor activated platelets 

include standard radioimmunoassay for proteins re 
leased into the plasma by activated platelets and flow 
cytometric immunological detection of activated plate 
lets utilizing fluorescently labeled antibodies which 
interact specifically with the activated cell popula 
tion. 17,33,34,36, 47,42, 5,48, 4,49, 50, 8, 59, 6,64, 24,60, 61, 62,63, 
65, 66 
Moreover, methods which rely on the analysis of 

activated platelets suffer from a lack of sensitivity due 
to the removal of activated platelets from the circula 
tion. Activated platelets have adhesive qualities which 
mediate interactions with damaged endothelium and 
atherosclerotic plaques.7. 58 As an example, a recent 
study attempted to detect activated platelets in blood 
samples from nine patients undergoing cardiopulmo 
nary bypass surgery.29 This study employed flow cy 
tometry. Three antibodies specific for activated plate 
lets were used. One antibody was specific for fibrinogen 
associated with the activated platelet surface. This anti 
body gave positive results with only 2 of the 9 patients. 
The second antibody recognized GMP-140 which be 
comes expressed on the surface of activated platelets. 
This antibody gave positive results for only 1 of the 9 
patients. A third antibody (PAC-1) directed against the 
active form of the fibrinogen receptor, GPIb-IIIa, was 
positive in 5 out of 9 patients. It was also reported that 
the interaction of the anti-GMP-140 (S12) with acti 
vated platelets decreased when the cells were fixed with 
paraformaldehyde. This was also true for the PAC-1 
antibody. 
The above complication required the samples to be 

analyzed immediately to avoid spontaneous activation 
of the platelets which would invalidate the results. This 
would be cumbersome at best and most likely impossi 
ble in a clinical setting. Even if the samples could be 
processed quickly enough, the lack of sensitivity even 
under the most favorable conditions would make these 
procedures useless in detecting limited platelet activa 
tion which occurs prior to a thrombotic event. 

In addition, these investigators measured the increase 
in platelet-derived microparticles and found a 2-fold 
increase, but could not definitely correlate this observa 
tion with increased platelet activation due to the sur 
gery as opposed to the mechanical shear factors in 
volved. As these blood samples were taken directly 
from an access port in the bypass circuit with little or no 
opportunity for the activated cells to be cleared (it is 
possible that some of the activated cells adhered to the 
bypass circuit itself), these results are not promising. 

It is clear that the above methods are not adequate to 
detect platelet activation under extreme conditions, 
much less the limited activation that would precede a 
thrombotic event. In addition, methods which rely on 
the detection of proteins secreted into the circulation 
are equally unreliable. In large part, this unreliability is 
due to the rapid clearance rate of these proteins. An 
other contributing factor is the large variability in the 
established normal range of concentrations of these 
proteins in the plasma. 

Detection and measurement methods which in gen 
eral depend on activated platelets are therefore unreli 
able because of: (1) endothelial removal of activated 
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platelets; (2) lack of sufficient sensitivity and/or "signal 
to-noise" ratio necessary to detect the small percentages 
of activated platelets that are present; (3) large variabil 
ity in established normal ranges; and (4) in some proce 
dures, the requirement to process samples immediately 
is unfeasible. 
Thrombospondin is now known to be synthesized by 

a variety of cells including megakaryocytes, endothelial 
cells, smooth muscle cells, fibroblasts, monocytes and 
macrophages.6. Thrombospondin resides primarily in 
endogenous pools within the alpha-granules of platelets, 
and unlike other platelet proteins, is present in very low 
confntrations in plasma (20-165 ng/ml in blood plas 
ma). 
The capacity of thrombospondin to interact with 

resting cells makes it unique among the platelet adhe 
sive glycoproteins. In comparison to other platelet 
proteins, the concentration of thrombospondin has been 
reported to be 3 to 5 orders of magnitude less than fibro 
nectin or fibrinogen blood plasma levels.8 The low lev 
els of TSP associated with resting platelets is also con 
sistent with detectable plasma levels of thrombospon 
din. 
Thrombospondin is known to have functional surface 

receptors on both activated and resting platelets. A 
substantial body of evidence suggests that TSP is either 
absent, or only present at minimal levels, on the surface 
of resting platelets.6. As already noted, blood platelets 
mobilize certain cytoplasmic storage granules (alpha 
granules) upon "activation'. These alpha granules re 
lease thrombospondin into the extracellular environ 
ment upon platelet activation. TSP then binds TSP 
receptors located on activated platelet surfaces. Re 
leased thrombospondin also binds to non-stimulated or 
resting platelets at a separate population of high affinity 
TSP surface receptors.43The binding affinity of endog 
enous thrombospondin for resting platelets is particu 
larly high, with a Kdless than 4nM, the binding affinity 
between the activated platelet receptor and thrombo 
spondin has been estimated at 250 nM.7 At the normal 
plasma concentration of TSP, which has been estimated 
to be as high as 20 to 165 ng/ml, it has been predicted 
that there may exist from 30 to 225 molecules of TSP on 
the surface of a resting platelet. 7, 8 
A resting platelet contains approximately 3,000 high 

affinity receptor sites on its surface at which TSP can 
bind. Thus, the binding of thrombospondin to resting 
platelets is described as having a low-capacity mecha 
nism, in that resting platelets are capable of binding a 
maximum of 3000 molecules of thrombospondin per 
resting platelet cell. 

In contrast, an activated platelet contains approxi 
mately 36,000 low affinity receptor sites on its surface at 
which TSP can bind. Thus, the interaction of thrombin 
stimulated platelets (i.e., "activated" platelets) is char 
acterized as having a lower affinity (kd=250 nM) and 
high capacity. 

In contrast, many other platelet proteins proposed as 
potential "markers' of thrombosis are normally present 
at very high concentrations in the circulation (e.g., 
fibrinogen). A high relative plasma concentration of a 
particular protein would make it difficult to detect small 
changes in that particular protein concentration. Addi 
tionally, fibrinogen is difficult to detect on the surface 
of platelets. Specifically, the number of platelets which 
interact with fibrinogen is small, making the detection 
of platelets with surface-expressed fibrinogen difficult, 
if not impossible. Other proteins (e.g., gTG), while not 
normally present at high plasma concentrations, are 
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6 
cleared from the system, so rapidly that it becomes 
impossible to accurately relate elevated plasma levels 
with low level platelet activation.74, 75,76, 77,78, 79 

Thus, both rapidly cleared, or high plasma concentra 
tion platelet proteins are rendered unreliable as in vivo 
thrombotic event indicators. 

Since platelet activation is a preliminary event to 
thrombosis, the probability of which exponentially in 
creases following injury to blood vessels and soft tis 
sues, it is important to develop methods by which the 
onset of early platelet activation may be accurately 
predicted, particularly at low "activated" platelet con 
centrations. A system which was capable of predicting 
the onset of early platelet activation would aid in the 
prediction of those patients at risk of a thrombotic disor 
der. Most preferably, a sensitive and specific method for 
identifying a "prethrombotic state' would be relatively 
independent of the particular concentration of activated 
platelets in the circulation. Such would allow early 
thrombus detection, prior to the beginning of exponen 
tial platelet activation, and thereby increase the proba 
bility of halting an oncoming thrombotic event. 
Such a method would also be useful in post-thrombo 

sis treatment evaluations to determine the effectiveness 
of prescribed therapy. Current methods of post-throm 
bosis treatment evaluation monitor only blood fibrino 
peptide thrombus breakdown products. Several post 
thrombus therapies act to inactivate (maintain in a rest 
ing state) the platelets, and typically reduce future 
thrombus formation triggered by limited platelet activa 
tion 40 However, this method does not measure platelet 
activation directly, thus, it cannot determine if a specific 
regimen is effective enough to prevent future thrombus 
formation. 
As thrombotic events, such as myocardial infarction, 

thrombotic stroke, and deep venous thrombosis, occur 
without preceding symptoms other than limited, rela 
tively undetectable platelet activation, a particular need 
exists for the development of a non-invasive, rapid clini 
cal method for reliably predicting the onset of thrombo 
sis. Similarly, a need also exists for an in vivo screening 
method for detecting persons at risk for such throm 
botic events so as to provide more clinically effective 
thrombosis-preventive therapies. This screening 
method would also be extremely useful for monitoring 
the effectiveness of post-thrombotic therapies. 

SUMMARY OF THE INVENTION 

The present invention presents an easy to use and 
highly sensitive diagnostic test for predicting those 
persons at risk of a thrombotic event. This diagnostic 
test may be used to alert clinicians to a patient's need for 
a thrombosis-preventative pharmaceutical regimen. 
The disclosed methods and therapies are essentially 
independent of the actual concentration of activated 
platelets in a given sample, and therefore provide the 
most reliable predictor of thrombus formation hereto 
fore available or contemplated. 
The present inventive methods provide the means by 

which effective clinical intervention to halt thrombosis 
may be provided. Specifically, thrombotic events may 
be prevented or reduced in severity through the admin 
istration of anti-thrombotic pharmacological agents to 
patients pre-diagnosed to be at thrombotic risk. Such 
would spare millions the pain, suffering, and irreparable 
tissue damage which typically follow a thrombotic 
episode. Additionally, such a test would negate the 
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current expenditure of billions of dollars in the hospital 
ization and related heath care support costs of coronary 
and stroke patients. Specifically, economic costs would 
be reduced and/or are eliminated altogether by avoid 
ing the need for medical and nursing care typically 
required by persons recovering from heart attack or 
stroke. 
The present invention as a predictor of thrombotic 

events may be used together with various antithrom 
botic pharmaceutical agents to effectively prevent and 
provide early treatment to dissipate an imminent throm 
botic event. A preventative pharmaceutical regimen 
may include the administration of antithrombotic phar 
macological agents, for example, aspirin (acetylsalicylic 
acid), heparin, or other anti-thrombotic pharmaceutical, 
to the person identified to be "at risk” of a thrombotic 
event.0 
The population of platelet receptors for thrombo 

spondin which exist on the surface of resting platelets 
has an especially high affinity for low concentrations of 
thrombospondin. The number of thrombospondin mole 
cules that these receptors subsequently support in asso 
ciation with the resting platelet is typically between 
30-225 molecules TSP per resting platelet. A second 
population of platelet TSP receptors exist only on the 
surface of physiologically "activated' (i.e., thrombin 
stimulated) platelets, and have a relatively high capacity 
(supporting the binding of 36,000 molecules of throm 
bospondin per activated platelet) and lower binding 
affinity (kd=250 nM).8 
The Inventors have found that monitoring the mole 

cules of thrombospondin which exist in association with 
low capacity, high affinity resting platelet TSP recep 
tors is especially well suited as a marker for detecting 
early platelet activation in vivo. More specifically, In 
ventors postulate that monitoring the amount of throm 
bospondin on resting platelets in a sample will predict 
the onset of exponential platelet activation and throm 
bus formation. 
The Inventor's data supports the hypothesis that a 

method which monitors resting platelet-associated 
thrombospondin would be reasonably predictive of a 
thrombotic event in vivo taken together with the date 
provided herein when considered by those of skill in the 
art given that early platelet activation is known to be 
accompanied by the release of thrombospondin from 
activated platelet a-granules. While the small number of 
circulating "activated' platelets early in thrombosis is 
difficult to detect, the Inventors have observed that 
released thrombospondin binds to the described high 
affinity, low capacity TSP receptors on a large popula 
tion of resting platelets. Small amounts of released 
thrombospondin from activated platelets anywhere 
within the circulation, thus results in a significant in 
crease in the number of detectable resting circulating 
platelets with surface-associated thrombospondin mole 
cules. 
The number of the cell type (i.e., resting platelets) to 

be monitored in the presently disclosed system there 
fore becomes a non-limiting factor in the described 
assay methods. Additionally, since the claimed methods 
monitor a limited number of TSP receptors on a large 
number of resting platelets, a more sensitive method for 
indirectly indicating the presence of activated platelets 
results. 
With the knowledge that early platelet activation is 

accompanied by an increase in resting platelet 
associated thrombospondin, and the knowledge that 
resting platelets do not have functional surface recep 

10 

15 

20 

25 

30 

35 

45 

50 

55 

65 

8 
tors for any other platelet protein known to be released 
upon platelet activation (e.g. no functional resting 
platelet receptors for fibrinogen, van Willebrand factor, 
fibronectin, and platelet factor 4), the Inventors deter 
mined that thrombospondin would be the "marker' 
protein of choice in screening patient blood samples for 
pre-thrombotic physiological events. The Inventors 
recognized that a system which was able to monitor 
changes in resting platelet-associated thrombospondin 
would both directly indicate an imminent exponential 
platelet activation phase while comprising a monitoring 
system which was independent of the concentration of 
activated circulating platelets. It is therefore also not 
necessary that the antibody be essentially free of bind 
ing affinity for activated platelets. 
One particularly preferred embodiment of the 

method comprises for monitoring thrombospondin as 
sociated with resting platelets by using a monoclonal 
antibody capable of binding thrombospondin or resting 
platelets. Most preferably, the monoclonal antibody is 
F19D2, which is produced by a hybridoma ATCC # 
HB10516. A detection reagent, such as fluorescent 1 
micron beads coated with protein-A (NEN, Boston, 
MA), may then be used to detect resting platelet-anti 
body complexes. The cells (resting platelets-antibody 
complex) with beads attached will be detected by flow 
cytometric analysis. 
Most preferably, the platelets are fixed, for example, 

in paraformaldehyde,7 before use in the detection tech 
niques (flow cytometry, RIA, magnetic head assay) to 
broaden the applicability of the described assay. In this 
way, platelet thrombospondin levels need not be deter 
mined immediately upon drawing the sample to avoid 
spontaneous platelet activation and/or other platelet 
changes. 
While resting platelets may be distinguished from 

activated platelets by flow cytometry, it is not critical to 
do so. The crux of these experiments is to show that 
more of the platelet cells in a sample are positive for 
TSP than there are activated cells in a sample. In clini 
cal samples this will not be an issue at all because, as 
stated above, activated platelets themselves are not 
detectable in human blood samples. Thus, all cells are 
analyzed. 
The use of flow cytometry in analyzing activated 

platelet surface proteins with fluorochrome-labeled 
antibodies is generally described by Abrams et al. 
(1990). 13 This reference is specifically incorporated 
herein by reference for the purpose of generally de 
scribing the process of flow cytometry in the basic flow 
cytometric analysis of activated platelets.3 However, 
the Abrams et al. procedure requires that there exist at 
least 0.8% activated platelets in the circulation sam 
ple. 13 The procedure therein therefore was modified 
before it could provide the highly sensitive detection 
assay claim even in the presence of as little as 0.2% 
activated platelets in the circulation of the patient being 
treated. 
Most significantly the flow cytometer according to 

the present methods must be adjusted to detect resting 
platelets which are positive for TSP (these cells will 
have antibody and fluorescent protein-A coated beads 
attached), and exclude debris and the free protein-A 
coated fluorescent beads which are close in size to the 
platelets. This is accomplished by labelling cells for 
filamentous actin (F-actin) (not present in beads), and 
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measuring the relative green fluorescence of only the 
F-actin-positive population.80 

Particular adjustments will vary between flow cy 
tometers, and are adjustments well within the skill of 
the worker in the art of flow cytometry. Following 
these adjustments, a box (bitmap) is drawn around the 
cell population of interest which instructs the machine 
to ignore signals from other populations (free beads or 
debris). Measurements of the relative fluorescent inten 
sity of the population are then made on either a linear or 
log scale. 
While flow cytometry is a particularly preferred 

method for quantifying resting platelet-associated 
thrombospondin, other methods, such as the use of 
IgG-coated magnetized beads may be used to provide 
an effective resting platelet thrombospondin monitoring 
system. Moreover, standard antibody-antigen radi 
olabelled ligand binding techniques are also suitable for 
the monitoring of resting platelet-associated thrombos 
pondin." Thus, the present invention may be practiced 
by any of at least three different laboratory techniques: 
radiolabelled ligand binding assay; magnetic bead assay; 
and flow cytometry techniques. 
While not intending to be limited to any theoretical 

mechanism of action in the described invention, the 
Inventors postulate the sensitivity of the described pre 
dictive detection techniques is in part attributable to the 
recognition and utilization of the phenomenon which 
exists between activated (stimulated) platelet secretion 
and resting platelet binding of thrombospondin in vivo, 
and the monitoring of this phenomenon through detect 
ing elevated levels of TSP on resting platelets in the 
drawn blood sample. 

Specifically, the Inventors have found that the physi 
ological events which govern the presence of thrombo 
spondin on the surface of resting platelets is exponen 
tially increased by the excretion of thrombospondin by 
a small percentage of early "activated' circulating 
platelets. Relatively small numbers of circulating acti 
vated platelets are present during the early stages of 
platelet activation preceding a thrombogenic event. 
These undetectably low concentrations of activated 
platelets early in thrombosis posed a significant techni 
cal difficulty to others skilled in the art monitoring 
platelet activation through markers present on already 
activated platelets. 17,33, 34, 36, 47,42, 5,48, 4,49, 50, 8, 59, 6,64, 
24, 60, 61, 62, 63, 65, 66 
The interaction of TSP released from a small percent 

age of activated platelets, present for example in a na 
scent thrombus, with the entire circulating population 
of platelets (i.e., resting platelets), leads to an amplifica 
tion phenomena with resting platelets which permits 
successful early platelet activation detection. Using the 
described unique "amplification" phenomena which 
occurs between thrombospondin released from a small 
number of activated platelets and the large population 
of resting platelets, the actual percentage of circulating 
activated platelets becomes irrelevant. For example, 
Applicant have found that a multiple-fold increase in 
the measurable amount of TSP results when resting 
platelets instead of activated platelets, are the cell popu 
lation focused upon. This multi-fold increase of measur 
able thrombospondin occurs when the TSP released 
from activated platelets (in the early stages of platelet 
activation) interacts with surface TSP receptors on 
resting platelets. Any increase in resting platelet 
associated thrombospondin is then monitored according 
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10 
to the methods of the present invention and used to 
predict a thrombotic event. 

Limited platelet activation, a process which eventu 
ally leads to thrombus formation, is known to precede 
myocardial infarction, thrombotic stroke, and deep 
venous thrombosis. 17, 33, 34, 36, 47, 42, 5, 48, 4 Thus, the 
disclosed method for monitoring resting platelets as a 
signal of early platelet activation is expected to be thera 
peutically valuable in the prediagnosis and prevention 
of thrombotic events. 
The detection of thrombospondin on the high affinity 

resting platelet thrombospondin surface receptors 
(rather than directly detecting activated platelets) is a 
novel approach which successfully overcomes the prior 
technical difficulties associated with predicting the 
onset of thrombosis and the difficulties of monitoring 
physiological changes in the small population of acti 
vated platelets during early thrombus formation. An 
important aspect of the present invention is to provide a 
thrombosis prediagnostic method which is capable of 
indicating the early onset of platelet activation through 
the monitoring of resting platelet physiological events 
which precede exponential platelet activation. A throm 
botic event may thus be prediagnosed in sufficient time 
to avert or lessen the severity of its occurrence. 
The unique amplification phenomena upon which the 

described methods and kits are predicted has not before 
been linked to a pre-indication of early thrombus forma 
tion. This concept is supported by the observation 
knowledge that high resting platelet thrombospondin 
levels (on the surface receptors of resting platelets) exist 
where increased numbers of activated platelets are 
found. Early thrombus formation has also been ob 
served where there are high levels of activated platelets 
in the circulation. From these isolated observations, 
particularly claimed methods have been fashioned by 
which a thrombotic event may be prediagnosed. 
The most preferred embodiments of the claimed diag 

nostic kit and methods include an anti-thrombospondin 
antibody which is capable of indicating the release of 
thrombospondin from a small percentage of early 
activated platelets via immunoreactively detecting the 
released thrombospondins' interaction with the larger 
population of circulating resting platelets. The anti 
thrombospondin antibody of the claimed invention may 
be either a polyclonal or monoclonal antibody. 
Any artificial increase in the percentage of activated 

platelets in a patient sample can be avoided by proper 
handling techniques, which would include the drawing 
of the sample in the presence of acid citrate dextrose, 
PGEI (prostaglandin EI,) and theophylline.7 
Any antibody having sufficiently high binding affin 

ity for thrombospondin on resting platelets is expected 
to be useful in the claimed methods. More particularly, 
commercial preparations of thrombospondin may be 
used in preparing a detection reagent to detect throm 
bospondin expressed on resting platelet surfaces follow 
ing the protocol described herein. Most preferably, the 
antibody of choice for use in the presently claimed 
methods is a monoclonal antibody. This monoclonal 
antibody is even more particularly F19D-2 monoclonal 
antibody. This particular monoclonal antibody has spe 
cific binding affinity for platelet-isolated thrombospon 
din present on the TSP surface receptors of platelets. 

This particular antibody is produced by a hybridoma 
which has been deposited with the ATCC (HBf 10516). 
Special utility of this antibody in the detection of TSP 
on the surface of resting platelets is indicted by prelimi 
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nary results collected by the inventors. The anti-TSP 
antibody produced according to the methods described 
is indicated in these studies to have higher or greater 
binding affinity for TSP present on the surface of rest 
ing platelet surface TSP receptors as compared to TSP 
present on the surface of activated platelets. However, 
any hybridoma cell line prepared according to the 
methods provided herein with proper screening would 
be expected to produce monoclonal antibodies having 
binding affinity for thrombospondin present on resting 
platelets. 
A most preferred method of obtaining and isolating 

thrombospondin from platelets in vitro is described by 
Lawler et al. (1978).26 The Lawler et all reference is 
specifically incorporated herein by reference for the 
purpose of providing one example by which thrombo 
spondin may be isolated from platelets in vitro. How 
ever, other methods well known to those of skill in the 
art may equally efficacious. 
One particularly preferred anti-thrombospondin 

monoclonal antibody is produced by a mouse hy 
bridonna F19D-2, which is available in Inventors' labo 
ratory at the University of Texas Health Science Center 
at Tyler, Texas at the following address: 

The University of Texas Health Center at Tyler 
Department of Biochemistry 
P.O. Box 2003 
Tyler, Texas 75710 

Particular hybridoma cell lines which produce the 
described monoclonal antibodies, or monoclonal anti 
bodies having identifying characteristics consistent 
therewith, are kept in the Inventors' laboratory. How 
ever, any hybridoma prepared according to the proce 
dures particularly defined and disclosed herein, using 
the screening procedures described in the present appli 
cation, may be expected to produce a monoclonal anti 
body having binding affinity for thrombospondin on 
resting platelets. 
A most preferred mouse hybridoma which produces 

the described monoclonal antibody having binding af. 
finity for thrombospondin present on platelet TSP re 
ceptors has been deposited with the ATCC (ATCC 
Accession No. HB 10516). The hybridoma cell line that 
produces the described monoclonal antibodies is depos 
ited with the American Type Culture Collection facility 
located at the following address: 

The American Type Culture Collection 
12301 Parklawn Drive 
Rockville, Maryland 20852 

The referenced deposited hybridoma cell line has 
been deposited in accordance with the Budapest Treaty. 
Methods of preparing the particular monoclonal anti 

body and the hybridoma which produces said mono 
clonal antibody directed against thrombospondin pres 
ent on resting platelet TSP receptors are also included 
as part of the present disclosure. The inventors have 
found through comparative binding studies that the 
binding of the presently disclosed antibodies is specific 
for TSP, and preliminary studies indicate that the anti 
bodies may further be specific for only that TSP present 
on the surface of resting platelet surface TSP receptors. 
The antibody employed in the present studies (F19D2) 
is provided to satisfy all best mode requirements. Other 
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12 
monoclonals such as TSP-1 may also be used." (See 
FIG. 6-TSP-1 vs. F19D2). 
Another particularly advantageous feature of the 

described diagnostic methods is that it provides a rela 
tively inexpensive method by which a clinician may 
effectively intervene to halt platelet activation before or 
early in the thrombotic disease process. In a most pre 
ferred embodiment of the invention, a method of identi 
fying a patient at risk of a thrombotic event is described 
which comprises obtaining a blood sample from the 
patient; isolating the platelet fraction comprising resting 
platelets from the blood sample; determining the 
amount of thrombospondin on the resting platelets; and 
identifying those blood samples having an elevated 
amount of thrombospondin on resting platelets, wherein 
a patient-sample identified as having an elevated level of 
thrombospondin on resting platelets indicates a patient 
at risk of a thrombotic event. In this method, a patient 
with an elevated level of thrombospondin, most specifi 
cally thrombospondin present on resting platelet TSP 
surface receptors, is predicted to be at risk of a throm 
botic event, most specifically when the number of rest 
ing platelet-associated thrombospondin molecules is 
greater than an established normal range. Alternatively, 
a number of resting platelet associated thrombospondin 
molecules of at least 200 molecules or most preferably 
at least 250 molecules of thrombospondin per resting 
platelet is an elevated level. 
Once an elevated thrombospondin concentration or 

level is determined to exist on the surface of the popula 
tion of resting platelets in a blood sample, then any 
anti-thrombotic medication may be used in methods 
well known to those of skill in the art for achieving an 
anti-thrombotic physiological condition in the patient, 
that is, effective to "inactivate' the platelet population. 
These agents render platelets less susceptible to activa 
tion and aggregation, thereby protecting the patient 
from future thrombotic events. 
. The present invention also comprises a method by 
which post-thrombosis patients may be monitored to 
determine whether a particular "anti-thrombotic' phar 
maceutical agent or treatment regimen is acting to re 
turn the patient's circulating platelets to a non-threaten 
ing, "inactivated' platelet level. Such would be accom 
plished through monitoring the extent of TSP platelet 
surface expression at frequent intervals after the phar 
maceutical agent has been administered. An attending 
physician would then be able to modify or change the 
treatment regimen of a patient whose resting blood 
platelet population does not demonstrate a decrease in 
the percent of platelets expressing TSP. 
The present invention provides a method for prevent 

ing a thrombotic event in a patient comprising: identify 
ing a patient having elevated resting platelet thrombo 
spondin levels; and administering to the identified pa 
tient a pharmacologically acceptable antithrombotic 
pharmaceutical agent. 
While any of a number of anti-thrombogenic pharma 

ceutical agents known to those of skill in the art may be 
used to halt ongoing platelet activation and thrombus 
formation, particular examples of such agents are hepa 
rin and acetylsalicylic acid (i.e. aspirin) or other anti 
platelet agent effective in preventing platelet activation 
in vivo. 
A particularly preferred method for identifying a 

patient having an elevated thrombospondin level com 
prises: obtaining a blood sample from the patient to 
form a test sample comprising resting platelets; mixing a 
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known quantity of the test sample with a known quan 
tity of an antibody capable of binding thrombospondin 
on resting platelets to form a test mixture; maintaining 
the test mixture for a time period sufficient to allow the 
antibody to bind thrombospondin present on the resting 
platelet thrombospondin receptors to form a complexed 
antibody; separating the complexed antibody complexes 
from the test mixture; determining the level of thrombo 
spondin on the resting platelets in the blood sample 
from the amount of complexed antibody present in the 
test mixture, (and thereby the level of thrombospondin 
on the resting platelets in the blood sample); and identi 
fying a patient having an elevated level of thrombo 
spondin on resting platelets as a level greater than about 
200 molecules of thrombospondin per resting platelet, 
wherein an elevated level of thrombospondin identifies 
a patient at risk of a thrombotic event. Alternatively, an 
elevated level of thrombospondin may be indicated as a 
level of resting platelet thrombospondin above an estab 
lished normal resting platelet thrombospondin range. 

In a most particularly preferred embodiment of the 
described methods, the patient is a human. Thus, a par 
ticularly preferred biological blood sample to be ana 
lyzed with the described methods and diagnostic kit is a 
human blood sample comprising human resting blood 
platelets. 

In that the present invention also comprises particu 
larly defined diagnostic kits for prediagnosing persons 
at risk of a thrombotic event, or for measuring thrombo 
spondin levels in a biological sample in general, a pre 
ferred embodiment of the kit may be described as com 
prising: a carrier means adapted to receive at least three 
container means in close confinement therewith; a first 
container means comprising an anti-thrombospondin 
antibody (labeled or unlabeled) capable of selectively 
binding thrombospondin on resting platelets, most par 
ticularly, that thrombospondin on human resting plate 
let surface thrombospondin receptors; a second con 
tainer means comprising an antibody detection reagent; 
and a third container means comprising a specificity 
control reagent, such as thrombospondin isolated from 
a preparation of platelets, 

In a most preferred embodiment of the diagnostic 
kits, an anti-thrombospondin antibody is used to immu 
nologically detect thrombospondin on the surface of 
resting platelets in a biological sample, for example, an 
1125-labeled anti-thrombospondin antibody. Even more 
preferably, the anti-thrombospondin antibody is a 
monoclonal antibody produced by mouse hybridoma 
ATCC # HB10516. 
The methods and diagnostic kits of the present inven 

tion function to monitor a pre-thrombosis resting plate 
let phenomena through the use of an antibody "tag" 
specific for thrombospondin. This antibody "tag" has a 
specific and strong binding affinity for thrombospondin 
present on resting platelet surface TSP receptors. The 
particular antibody of the disclosed methods and kits 
features the ability to bind thrombospondin present on 
those TSP receptors of resting platelets. 
The diagnostic kit of the present invention in a most 

particularly preferred embodiment comprises a fluores 
cent bead system, and is constructed of a durable and 
lightweight plastic material. 
The blood sample with resting platelets to be ana 

lyzed most preferably should be analyzed as soon as 
possible after having been drawn, but may also be ana 
lyzed subsequent to drawing up to 7 days. Such samples 
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14 
should be paraformaldahyde fixed before storage until 
assay. 
The various container means to be included with 

particular embodiments of the kit most preferably are 
constructed of a non-pyrogenic biocompatible material 
which is impact resistant, and should be sealed suffi 
ciently so as to prevent contaminants from infecting the 
purity of the substances included in the container 
C3S. 

Most preferably, the first container means of the 
claimed diagnostic kit comprises an unlabeled antibody 
capable of binding with thrombospondin on resting 
platelets. Most particularly, the antibody is a mono 
clonal antibody. Even more preferably, the monoclonal 
antibody is produced by Inventors' deposited mouse 
hybridoma F19D-2 (ATCC # HB 10516). 
The kit may also optionally include a container means 

comprising a blood anticoagulant to receive the biologi 
cal test sample and a container means comprising a 20% 
solution of sucrose. Most preferably, the detecting rea 
gent comprises fluorescent carboxylate microbeads 
(Polysciences, Warrington, PA) with IgG binding affin 
ity. 
An alternative method for quantifying resting platelet 

thrombospondin is based on cell counts following incu 
bation of a sample with an antibody to TSP and magne 
tized beads coated with either anti-mouse IgG or anti 
rabbit IgG (Magnasort, New England Nuclear, Boston, 
MA) (depending on whether the primary antibody is a 
polyclonal or a monoclonal antibody). 

Additional methods include the use of a radiolabeled 
antibody in cell-ligand binding assays, a fluorescent 
anti-TSP antibody for flow cytometry, or an unlabeled 
anti-TSP antibody detected with a radiolabeled or fluo 
rochrome labeled second antibody in either ligand bind 
ing assays or flow cytometric analysis may be used in 
conjunction with the described antibody capable of 
binding to thrombospondin, preferred labels, by way of 
example, include a radioisotopic label, a fluorescein 
label, or an enzyme label. 
The present invention is described using terms which 

express the relative states of the subject platelet popula 
tions being monitored. The terms "non-stimulated 
platelet' and "resting platelet" are used interchange 
ably herein to denote a normal, free flowing blood 
platelet that has not been exposed to a physiological 
stimulus. Conversely, the terms "stimulated' platelet 
and "activated' platelet are used interchangeably 
herein to denote a blood platelet that has been exposed 
to a physiological stimulus either in vivo or in vitro, and 
which is therefore, in an active state. Activated platelets 
typically express a variety of proteins, including fibro 
nectin, fibrinogen, von Willebrand factor and thrombo 
spondin. One example of a physiological agent which 
will stimulate and transform resting platelets to acti 
vated platelets is thrombin. 
To avoid limitations associated with methods which 

depend upon the concentration of activated platelets, 
and to attain a more effective predictive patient evalua 
tion, an object of the present invention is the develop 
ment of a diagnostic test which is not dependent on high 
concentrations of circulating activated platelets. The 
disclosed diagnostic system for predicting a thrombotic 
event is possible in a patient having less than an about 
0.8% total stimulated circulating platelet level, even to 
levels of about 0.2% total stimulated circulating platelet 
levels. The presently proposed system is independent of 
activated platelet levels, render consistent results spe 
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cific for those physiological events preceding thrombo 
sis, and would be a relatively easy clinical measurement 
to perform. 
The terms magnetobead, magnetic beads and mag 

netic microbeads are used interchangeably in the speci- 5 
fication. The platelet protein, thrombospondin, useful as 
an antigen in the present invention is normally present 
on the outer cell surface membrane of resting platelets 
in very small amounts. 
The following abbreviations are used throughout the 

Specification: 
TSP=thrombospondin 
Fg=fibrinogen 
Fn=fibronectin 
wWF = von Willebrand factor 
Kd=dissociation constant 
Ms nanomolar 
ATG =Beta-thromboglobulin 
Ca=calcium ion 
Mg=magnesium ion 
ADP-scadenosinediphosphate 
EDTA=ethylenediamine tetraethylacetate 
PPACK=D-phenylalanyl-L-prolyl-L-arginine 
chloromethylketone 

pug=microgram 
ul= microliter 
PGEI=prostaglandin E1 
ACDs-acid citrate dextrose 
BSA = bovine serum albumin 
IgG = immunoglobulin G 
ml=milliliter 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 -The expression of TSP on the surface of 35 
resting platelets is mediated by a high affinity receptor 
which is saturated at very low levels of TSP. Platelets 
at varying concentrations were stimulated with throm 
bin (0.25u/ml;Armour Pharmaceuticals, Kankeekee, 
IL) for 10 minutes prior to paraformaldehyde fixation. 
The fixed cells were then centrifuged and resuspended 
in Tyrode's buffer at a final concentration of 2 108/ml in 
the assay. The cells were incubated with a saturating 
concentration of 125I-TSP1-(a TSP specific mono 
clonal antibody) for 60 minutes. Following this incuba 
tion the platelets were centrifuged through a 20% su 
crose cushion and the molecules of TSP1-1 bound was 
calculated. The TSP content of platelets is 20 g/109 
cells. Based on this it is clear that the divalent ion 
independent TSP receptor which is present on resting 
cells is saturated at a TSP concentration of 4nM. This is 
characteristic of high affinity receptors.7 

FIG. 2-Plasmin (KabiVitrum, Stockholm, Sweden) 
was added to 125I-TSP (1 unit/7gof TSP) in the pres 
ence of 2mM Ca. After 2.5 hours at 37° C. pA-PMSF 
was added to inactivate the enzyme. Either the digest or 
intact TSP was then incubated with washed human 
platelets at 2x 108/ml in the presence of 2mM Ca. The 
final concentration of label was 20nM. After a 30 min 
ute incubation, the platelets were pelleted through 20% 
sucrose and extracted with Laemmli sample buffer. 81 
The extracts were reduced with 2% beta-mercaptoe 
thanol and applied to a 10% Laemmli slab gel.8) 

Lane 1-125I-TSP and 2mM Ca. 
Lane 2-125I-TSp bound to resting cells. 
Lane 3-125I-TSP bound to thrombin stimulated 

cells. 
Lane 4-Plasmin digest of 125I-TSP and 2mM Ca. 
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Lane 5-Plasmin digest components bound to resting 

cells. 
Lane 6-Plasmin digest components bound to stimu 

lated cells. 
Lane 5 provides additional evidence that the TSP 

receptor on resting platelets is a high affinity TSP bind 
ing site. The resting cells bound only intact TSP which 
was a minor component of the digest (not even discern 
able in lane 4 of the gel). 
FIG. 3-Inhibition of Platelet Aggregation by TSP. 

Washed human platelets at a final concentration of 
1x108/ml were incubated in an aggregometer with 
stirring at 37° C. with TSP at a final concentration of 
380 nM prior to stimulation with 10 M ADP. The 
arrow indicates the point at which ADP was added. 
The percent transmittance of light (%T) is plotted vs. 
time. Left Panel (FIG. 3A)-No exogenous Fg added 
Right Panel (FIG. 3B)-Exogenous Fg present at a 
final concentration of 300 nm. In both experiments the 
lower line represents platelets preincubated with TSP, 
while the cells exhibiting the more extensive aggrega 
tions response were not incubated with TSP. This ex 
periment indicates that resting platelets with TSP on 
their surface are less responsive to platelet agonists. 
This phenomena may serve to protect from exponential 
platelet activation early in thrombotic disease, thus TSP 
coated resting cells will be present for a period of time 
prior to a thrombotic event. This is an important phase 
when detection of TSP on resting cells can be measured 
and therapy started prior to a thrombotic event. 
FIG. 4-F19D-2 binding to paraformaldehyde fixed 

platelets in the presence of 5mM EDTA. The graph 
demonstrates that a plateau of between 3,000–3,500 
molecules of thrombospondin per platelet is reached in 
the presence of about 500 nM of the F19D-2 anti-throm 
bospondin antibody. This level of binding is characteris 
tic of the cation-independent, high affinity receptor. 

FIG. 5-TSP and GMP-140. Total cells pelletted (O) 
is plotted against cells specifically pelleted as deter 
mined the binding of TSP-positive cells to Magnasort 
immunobeads (New England Nuclear, Boston, MA (A), 
and cells positive for with GMP-140 (o) as published 
by George et al.82 The latter measurements were per 
formed by flow cytometric analysis using a fluorescein 
conjugated monoclonal antibody specific for GMP-140. 
Measurement of TSP surface expression by the mag 
netic bead assay is more sensitive in measuring platelet 
activation than GMP-140 surface expression (which 
only occurs on activated cells). As measured by George 
et al., note that a majority of the cell population exhibits 
surface-bound TSP under conditions where little acti 
vation is noted by GMP-140 expression. This indicates 
that TSP is bound to the majority population of resting 
platelets rather than an activated population of cells. 
FIG. 6-TSP1-1 compared to F19D-2 -The two 

antibodies were compared in the magnetic bead assay 
for TSP surface expression. Both antibodies were effec 
tive. (-TSPI-l; o-F19D-2) 

FIG. 7-Flow Cytometry Detection of TSP. The 
graph demonstrates an increase in the mean peak chan 
nel of log green with increasing concentrations of 
thrombin. Platelets were incubated with the indicated 
concentrations of thrombin, fixed with paraformalde 
hyde, and stained with rabbit polyclonal anti-TSP Fab 
fragment as described in Examples 3 and 7. The washed 
'cells were counterstained with a fluorescein labeled 
goat anti-rabbit IgG antibody, washed by centrifugation 
and analyzed by flow cytometry. The data represent the 
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mean peak of fluorescent intensity and are directly cor 
related with the number of bound TSP molecules per 
platelet. 
FIG. 8-Increase in the percentage of surface TSP 

positive cells as determined in FIG. 7 (-) against the 
increase in percent BTG secretion by activated platelets 
in the sample as a function of increasing concentrations 
of thrombin (Units/ml) (o-TSP; O-6TG). Note the 
much higher sensitivity of the surface TSP assay as 
compared to the 3TG assay. 

FIG. 9-Surface TSP levels on Platelets from Nor 
mal Individuals and Cardiovascular Patient Blood Sam 
ples. The percentage of platelets binding one or more 
fluorescent microbeads was determined by the en 
hanced flow cytometric method described in Example 
9. Note that 3 patients show levels that are significantly 
higher than the normal population (p<0.0001) 

FIG. 10-Schematic Representation of "Amplified" 
Signal for Detection of Platelet Activation. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The present invention relates to the previously un 
considered diagnostic utility of monitoring proteins 
associated with resting platelets as a method for predict 
ing a thrombotic event in a patient. More specifically, 
the surface concentration of TSP on resting platelets is 
described as a method which provides an early physio 
logical indicator of thrombus formation. 

In its most basic embodiment, the present invention 
discloses a method for predicting a thrombotic event or 
detecting a prethrombotic event in a patient through 
monitoring resting platelets. This method more specifi 
cally relies on the detection of thrombospondin on a 
resting platelet surface. A particularly preferred em 
bodiment of the described method comprises exposing a 
biological sample having resting platelets possibly hav 
ing surface-associated thrombospondin to an antibody 
capable of binding thrombospondin present on resting 
platelets (i.e., an anti-thrombospondin antibody). More 
specifically, the anti-TSP antibody of the described 
methods binds to thrombospondin which is associated 
with the platelet surface at thrombospondin resting 
surface receptors. 

Resting TSP platelet surface receptors comprise a 
distinct population of platelet surface receptors from 
those thrombospondin (TSP) receptors which exist on 
the surface of activated platelets. These two populations 
of platelet TSP surface receptors have different binding 
affinities for thrombospondin.5 

In a particularly preferred embodiment of this 
method, the antibody is either a monoclonal antibody or 
a polyclonal antibody. The antibody most preferably is 
a monoclonal antibody. The particular monoclonal 
antibody having binding affinity for thrombospondin on 
resting platelets, F19D-2 is available in the Inventors' 
laboratory. Also, the particular hybridoma which pro 
duces the described monoclonal antibody F19D-2 has 
been deposited with the ATCC (ATCC # HB 10516). 
This deposit has been made in order to even more fully 
assure that the best mode of practicing the invention has 
been provided. 

However, any anti-thrombospondin antibody having 
a specific and sufficiently high binding affinity for 
thrombospondin present on the surface of resting plate 
lets may be used in conjunction with the described 
methods. A most preferred antibody is a monoclonal 
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antibody that is produced by hybridoma ATCC 
#HB10516. 
The antibody of the present invention is further char 

acterized in that it specifically binds to thrombospondin 
bound to the cation-independent, high affinity TSP 
receptor on the surface of resting platelets. 
One feature of the described diagnostic and prediag 

nostic methods is that it provides the opportunity to 
clinically abort continued platelet activation before the 
level of activated circulating platelets reaches detect 
able concentrations. At "detectable' activated platelet 
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concentrations described for assay methods which mon 
itor activated platelets directly, the ability to halt the 
continued platelet activation which precipitates thron 
bus formation becomes extremely limited, if not com 
pletely foreclosed. A particular object of the described 
10 methods is to prevent a thrombotic event through 
the prevention of the exponential and rapid increase in 
platelet activation once the activation of a very small 
percentage of platelets is detected. 
According to the present invention, a prethrombotic 

state is identifiable even when the circulating concen 
tration of activated platelets are below currently avail 
able "detection' levels, and is employed to effectively 
halt continued platelet activation and thrombus forma 
tion. The term, "prethrombotic state' as used in the 
present application is defined as that physiological state 
of a patient determined to have elevated levels of rest 
ing platelet-associated thrombospondin. An elevated 
level of thrombospondin is defined as a number of rest 
ing platelet-associated thrombospondin molecules 
greater than 30-225 molecules per resting platelet" or a 
percent of positive cells above established normal 
range. 
A preferred embodiment of the method for prediag 

nosing a patient at risk of a thrombotic event comprises: 
obtaining a biological sample including resting platelets 
from the patient suspected to be at risk of a thrombotic 
event; determining the amount of thrombospondin on 
the resting platelets; and identifying those biological 
samples having an elevated amount of thrombospondin 
on resting platelets; wherein a patient sample identified 
as having an elevated amount of thrombospondin on 
resting platelets indicates a patient at risk of a throm 
botic event. 

Currently work is underway to develop a standard 
mean "normal' value of the number of molecules of 
thrombospondin per cell or a percentage of positive 
cells against which to determine elevated levels of 
thrombospondin. The Inventors have outlined a proto 
col herein whereby a mean-normal baseline of thrombo 
spondin is to be developed through screening a repre 
sentative number of samples obtained from healthy 
adults between the ages of 18-36 who have no known 
history of a thrombotic event. The average number of 
resting-platelet associated thrombospondin molecules 
or, alternatively, the percentage of TSP positive cells, 
will then be used as the baseline "mean' value against 
which test samples will be evaluated. 

Preliminary experiments already obtained (FIG. 9) 
using 15 such individuals suggest that the normal range 
is approximately 2.71% +/-3.65 when measured by 
the fluorescent microbead assay. 

Previous direct radiolabeled antibody assays have 
detected an average of 200 or less TSP molecules per 
resting platelet.7 This figure represents about 5% of the 
total cation independent, high affinity sites available for 
binding. Thus, both methods yield normal estimates of 
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about 3-5% of maximal binding for the normal mean 
value. These data indicate that the blood collection 
methods currently employed do not significantly con 
tribute to artifactual platelet activation. 

Thus, it is proposed that an elevated number of 
thrombospondin molecules on resting platelets for pur 
poses of prediagnosis, comprises an average number of 
resting platelet-associated thrombospondin molecules 
greater than about 200 molecules thrombospondin per 
resting platelet, or about 3-5% of the maximal binding 
possible to the high affinity receptor. 
The level of thrombospondin present on resting plate 

lets may be determined using standard laboratory tech 
niques for detecting and quantifying the presence of an 
antigen. However, the particularly preferred methods 
by which the present invention may be practiced in 
clude: flow cytometry, radioimmunoassay, and a mag 
netic bead assay. All of these methods employ an anti 
thrombospondin antibody having binding affinity for 
thrombospondin present on the surface of resting plate 
lets. The anti-thrombospondin antibody most preferably 
is a monoclonal antibody. Thus, such antibodies consti 
tute a reagent included in the described most preferred 
detection methods (magnetic bead antigen detection 
assay, a flow cytometric assay (using a fluorescein 
labeled anti-thrombospondin antibody, or unlabeled 
anti-thrombospondin polyclonal or monoclonal anti 
body followed by fluorescein labeled anti-mouse or 
anti-rabbit antibody or most preferably, fluorescent 
protein-A conjugated carboxylated microbeads), and a 
radiolabeled ligand binding assay. A detailed descrip 
tion of each of these particular assays adapted to detect 
ing thrombospondin as antigen on resting platelets is 
presented in the examples which follow. 

Regardless of the particular assay technique em 
ployed, the assay in a most preferred embodiment will 
include the anti-thrombospondin monoclonal antibody 
obtained from the ATCC deposited hybridoma cell line, 
HB 10516 or a polyclonal anti-thrombospondin anti 
body having binding affinity for thrombospondin spe 
cies present on resting platelets. 
A preferred embodiment of the proposed diagnostic 

method for prediagnosing a person at risk of a throm 
botic event comprises detecting the presence of ele 
vated levels of TSP on resting platelet TSP surface 
receptors, which method in turn initially comprises 
determining the thrombospondin level present on rest 
ing platelets with in a patient sample an anti-thrombo 
spondin antibody capable of binding to thrombospondin 
present on resting platelets and an antibody detection 
reagent; and prediagnosing a patient at risk of a throm 
botic event in a patient having a thrombospondin level 
greater than 200 molecules thrombospondin per resting 
platelet. 

Determining the level of TSP, and therefrom, identi 
fying a patient with elevated thrombospondin levels at 
risk of a thrombotic event, comprises: obtaining a blood 
sample from the patient to form a test sample compris 
ing resting platelets; mixing a known quantity of the test 
sample with a known quantity of an anti-thrombospon 
din antibody capable of binding thrombospondin on 
resting platelets to form a test mixture; maintaining the 
test mixture for a time period sufficient to allow the 
antibody to bind thrombospondin on the resting plate 
lets to form a antibody-platelet complex; separating the 
antibody-platelet complex from unbound antibody 
(preferably by centrifuging the cells through a 20% 
sucrose cushion); determining the amount of labeled 
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20 
antibody associated with the antibody-platelet complex 
in the test mixture; and converting this data to mole 
cules of TSP per resting platelet, wherein a patient with 
elevated thrombospondin levels is identified as a patient 
having greater than 200 molecules of thrombospondin 
per resting platelet. Alternatively, an elevated thrombo 
spondin level may be identified in a patient with a per 
centage of positive resting platelet cells with surface 
thrombospondin which exceeds an established normal 
range. 

In assays for surface-bound thrombospondin, the 
amount or extent of antibody associated with the resting 
platelet cells separated from the test mixture is used to 
determine the level or extent of thrombospondin in the 
patient resting platelet blood test sample according to 
methods well known to those of skill in the art. A pa 
tient with an elevated level of resting platelet thrombo 
spondin is predicted to be at risk of a thrombotic event. 

In a particularly preferred embodiment of the de 
scribed method for identifying a patient at risk of a 
thrombotic event, the method by which thrombospon 
din is determined in a sample is further described as 
most preferably including an incubation step wherein 
the test mixture is maintained for between about 30 
minutes and about 90 minutes at about 22 C. or 37 C. 
The anti-thrombospondin antibody of the described 

methods and kits may be either a monoclonal antibody 
or a polyclonal antibody. In a more preferred embodi 
ment of the described methods and kits, the antibody is 
a monoclonal antibody, and even more particularly is 
the monoclonal antibody, F19D-2, produced by an 
ATCC deposited hybridoma cell line, HB 10516. 
The monoclonal antibody most preferably may be 

labeled with an enzyme, a fluor, a radioisotope, or even 
more preferably detected by an indirect method. Most 
preferably, the monoclonal antibody is indirectly de 
tected with a immunoglobulin detection reagent. The 
detection reagent in an especially preferred embodi 
ment of the described method are fluorescent carboxyl 
ated microspheres coated with an agent which specifi 
cally binds to the anti-TSP antibody. Such agents may 
include protein A, anti-mouse IgG, or protein G. The 
most preferred fluor is fluorescein. 

Alternatively, the fluor maybe Texas Red, phycoery 
thrin or rhodamine or its derivatives. Alternatively, the 
monoclonal or polyclonal antibody or an antibody spe 
cific for mouse or rabbit IgG may be labeled directly 
with a fluor, for example, with the fluorochrome Texas 
Red, fluorocein, phycoerythrin or rhodamine. 
Using the described labeled antibodies, thrombospon 

din-laden resting platelets may be detected using a flow 
cytometer which measures relative fluorescent intensity 
of individual cells within the platelet population. By 
using a reference standard or comparing to the radiola 
beled ligand binding data, the fluorescence can be accu 
rately quantitated and the number of TSP molecules per 
cell calculated. 
As used in the present application, an elevated level 

of thrombospondin on resting platelet surface receptors 
is generally defined as the presence of more than 200 
molecules, most preferably 225 molecules, of thrombo 
spondin per resting platelet." Preliminary data using 
platelets prepared as outlined in Example 4 and mea 
sured as described in Example 10 suggest that a level of 
2.91% +/-3.65 of positive platelets represents a rea 
sonable estimate of the normal mean (N= 15). An ele 
vated thrombospondin level is to be determined as 
against a resting platelet thrombospondin base line level 
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established from a representative number of autono 
mous, prethrombotic patient samples measured for rest 
ing platelet-associated thrombospondin. 
Among the possible future thrombotic events be 

lieved to be indicated by elevated TSP levels on resting 
platelet surfaces in human patients are thrombosis, 
stroke, deep venous thrombosis, pulmonary embolism, 
cardiovascular disease and myocardial infarction. 
One preferred application of the present invention 

lies in the prevention of a thrombotic event in a patient 
determined to be at risk of such events. In a particularly 
preferred embodiment of the described method for 
preventing a thrombotic event in a patient at risk, the 
method comprises the steps of identifying a patient 
having elevated thrombospondin levels, and administer 
ing to the identified patient an antithrombotic pharma 
ceutical agent. In a preferred embodiment, the anti 
thrombotic pharmaceutical agent to be administered to 
a patient identified at risk of a thrombotic event is hepa 
rin, acetylsalicylic acid, or other such agents that pre 
vent platelet activation. 

In the above described method of preventing a 
thrombotic event, the step of identifying a patient hav 
ing elevated thrombospondin levels comprises: obtain 
ing a patient blood sample comprising resting platelets; 
and determining the amount of thrombospondin present 
on the resting platelets in the patient blood sample. The 
level of thrombospondin present in the patient blood 
sample of resting platelets is then compared to a mean 
resting platelet thrombospondin level. 
Even more specifically, determining the amount of 

thrombospondin present in a patient sample comprises 
the steps of preparing a platelet-rich plasma sample 
(preferably by centrifuging a patient blood sample) to 
provide a (supernatant of a) platelet-rich plasma sample 
comprising resting platelets (the plasma supernatant 
being essentially erythrocyte and leukocyte free); ex 
posing a known amount of the platelet-rich plasma sam 
ple to a known amount of an antibody capable of bind 
ing thrombospondin on resting platelets to form a test 
mixture tube; preparing a second tube comprising a 
known amount of patient platelet-rich plasma and ex 
posing the second tube to a known amount of an anti 
body rendered incapable of binding platelet surface 
thrombospondin on resting platelets to form a negative 
control tube; incubating both the test mixture tube and 
the negative control tube a period of time sufficient to 
allow binding of thrombospondin present in the test 
mixture tube and the negative control tube to the anti 
body to form complexed antibody; to form complexed 
antibody; exposing the complexed antibody in the test 
mixture tube and the negative control mixture tube to a 
sufficient quantity of an antibody detection reagent 
capable of binding the complexed antibody; incubating 
the test mixture tube and negative control mixture tube 
for a time sufficient for binding of the antibody detec 
tion reagent and the complexed antibody complexes; 
separating the complexed antibody associated with the 
antibody detection reagent from unbound antibody 
detection reagent in the test mixture tube and negative 
control tube; and determining the amount of thrombo 
spondin present on resting platelets in the test mixture 
tube and the negative control mixture tube, wherein the 
level of restin platelet thrombospondin is determined by 
subtracting the amount of complexed antibody present 
in the negative control tube from the amount of com 
plexed antibody in the test mixture tube. 
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Such determinations are well-known to those of ordi 

nary skill in the art of practicing radioligand binding 
assays or flow cytometric assays given the above proto 
col. A patient with an elevated level of resting platelet 
thrombospondin is predicted to be at risk for a throm 
botic event. 

Again, an elevated level of thrombospondin is de 
fined as greater than about 200 molecules of thrombo 
spondin per resting platelet or a level of more than 
3-5% of maximal binding expected to the high affinity, 
cation-independent TSP receptor. 
Most preferably, the level of thrombospondin per 

resting platelet would be greater than about 250 mole 
cules per resting platelet by the radioligand binding 
assay or 5% TSP-positive resting platelets. Addition 
ally, the assay values are to be corrected as to subtract 
readings of thrombospondin contributed by non 
specific binding, i.e. that reading obtained with the 
negative test mixture tube. 

In the above described method, the antibody capable 
of binding thrombospondin on resting platlets is a 
monoclonal antibody. Most preferably, the detection of 
the described monoclonal antibody is by means of an 
antibody detection reagent such as fluorescent carbox 
ylated microspheres coated with protein A or any other 
protein capable of binding specifically to the mono 
clonal antibody, and is to be used in the flow cytometric 
detection assay described above. 
Although less sensitive, fluorescent labeled anti-IgG 

antibody or protein A may be used as an antibody detec 
tion reagent in place of microspheres. Alternatively, 
monoclonal antibody may be directly labeled with a 
fluorochome such as fluorescein, Texas Red, phycoery 
thrin, or rhodamine and used directly to detect the 
presence of surface-TSP bound to resting platelets by 
flow cytometry. 
The Inventors' preliminary results using flow cytom 

etry indicate that this method is more that 100 times 
more sensitive than the ETG release assay in the detec 
tion of platelet activation by thrombin in vitro (Exam 
ple 9). When fluorescein labeled mouse anti-IgG is sub 
stituted for protein A-coated fluorescent microbeads, 
the assay is less sensitive, but is still 20 times more sensi 
tive than the gTG assay in the detection of surface TSP 
on the resting platelet population (FIG. 8). 
A method has also been devised whereby thrombo 

spondin present on resting platelets may be determined 
through direct radioligand binding methods. Using such 
a technique, the method of determining a patient at risk 
of a thrombotic event is accomplished through deter 
mining the level of thrombospondin on resting platelets 
in a blood sample from the patient. The platelet sample 
is to be isolated and fixed as described herein. The pa 
tient platelet sample is then incubated with an amount of 
radiolabeled antibody which is sufficient to completely 
bind >99% of the surface TSP present in the patient 
sample. After allowing a sufficient time for binding of 
antibody to platelet surface TSP (about 60 min at room 
temperature), the test mixture (50 ul) is layered over a 
300 ul cushion of 20% sucrose (w/w) and centrifuged 
for 5 min in a microfuge. The microfuge tube tip con 
taining the labeled platelet pellet is cut off with a razor 
blade and the radioactivity determined in a gamma 
counter. Non-specific binding is determined by adding a 
sufficient amount of purified TSP to the radiolabeled 
antibody or excess unlabelled antibody prior to assay. 

This inactivated antibody mixture is substituted for 
active monoclonal antibody in a second negative con 
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trol test mixture tube and processed as above. The radi 
oactivity associated with the platelet pellet (negative 
control) is subtracted from that associated with the test 
mixture tube yeilding the true amount of specific bind 
ing. The amount of radioactivity is then converted by 5 
calculation to the equivalent number of molecules of 
surface TSP per platelet present in the test patient sam 
ple. A value of more than 200, or more preferably more 
than 250, TSP molecules per resting platelet is diagnos 
tic for a patient at risk of a thrombotic event. 

In addition to the methods described above, the In 
ventors have also devised a thrombotic prediagnostic 
method assay based on a magnetic bead assay, to mea 
sure resting platelet thrombospondin to prediagnose 
patients at risk of a thrombotic event. This method 
comprises: obtaining an anticoagulated patient blood 
sample; separating platelets from the patient blood sam 
ple to provide a platelet test sample; exposing the plate 
lettest sample to an antibody capable of binding to TSP 
present on resting platelets in the platelet test sample; 
incubating the antibody and platelet test sample a suffi 
cient amount of time to allow the formation of anti 
body-resting platelet complexes to form a platelet anti 
body complexed sample; exposing the platelet antibody 25 
complexed sample complexes to a known amount of 
magnetic microspheres capable of binding an antibody 
resting-platelet complex; incubating the antibody-rest 
ing-platelet for a sufficient time to allow binding of the 
microspheres to the antibody-resting-platelet complexes 
to form antibody-resting-platelet microsphere com 
plexes; separating out the antibody-resting-platelet mi 
crosphere complexes from free platelets in the platelet 
test sample; and determining a percentage of free plate 
lets that remain in the test sample and a percentage of 35 
platelet antibody microspheres platelets; wherein the 
difference between the percentage of free platelets and 
the platelets existing as as microbead-bound platelet 
complexes indicates the percentage of resting-platelet 
associated thrombospondin in the patient blood sample. 
As a radioligand binding assay, a particularly pre 

ferred embodiment of the claimed diagnostic kit for 
prediagnosing a thrombotic event in vivo comprises a 
container means adapted to receive at least three carrier 
means; a first container means comprising an antibody 
capable of binding with thrombospondin on resting 
platelets; a second container means comprising throm 
bospondin; and a third container means comprising an 
antibody detection reagent. 

In an even more preferred embodiment of the 
claimed diagnostic kits for flow cytometric, radioimmu 
noassay or magnetic bead assay, the antibody is further 
defined as a monoclonal antibody capable of binding 
with thrombospondin on resting platelets. Most particu 
larly, the monoclonal antibody is the antibody F19D-2, 
which is available in Inventors' laboratory. In an espe 
cially preferred embodiment of the described kit, the 
monoclonal antibody is that monoclonal antibody de 
posited with the American Type Tissue Culture collec 
tion, having the accession number, ATCC #HB 10516. 

In a most preferred embodiment of the described 
diagnostic kit for radioligand binding assay, the kit's 
first container means is further defined as comprising an 
25I labeled-monoclonal antibody capable of binding to 
thrombospondin present on TSP surface receptors of 65 
resting platelets. 
Employing the methods or diagnostic kit disclosed in 

the present application, a thrombotic event may be 
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24 
predicted independent of how small the percentage of 
circulating "stimulated' platelets in a patient sample is. 
The present invention also includes a diagnostic kit 

useful for the prediagnosis of persons at risk for a 
thrombotic event. The kit of the present invention may 
comprise those components necessary for either a flow 
cytometric assay, radioimmunoassay or for a magneto 
bead assay determination of resting platelet thrombo 
spondin. As a flow cytometric assay, a most particularly 
preferred embodiment of the diagnostic kit for prediag 
nosing a thrombotic event in vivo comprises a carrier 
means adapted to receive at least three container means 
in close confinement therewith. A preferred embodi 
ment of the kit comprises a first container means com 
prising an antibody capable of binding with thrombo 
spondin on resting platelets; a second container means 
comprising a second antibody of isotype and species 
origin identical to the antibody capable of binding TSP 
but which does not itself bind to TSP; and a third con 
tainer means comprising an antibody detection reagent. 
By way of example, a detection reagent may comprise a 
fluorescent antibody detection reagent such as an anti 
IgG antibody or other IgG binding molecule labeled 
with a fluorochrome suitable for use with a flow cytom 
eter. By way of example, the antibody detecting reagent 
is an anti-IgG antibody labeled with fluorescine, phyco 
erythrin, or rhodamine. 
The kit may also optionally include a multiwell mi 

crotiter plate and a fourth container means comprising a 
solution of 20% sucrose; a fifth container means com 
prising a solution of 0.33 uM 30 fluorescent phallodian 
dissolved in a buffer containing 200 g/ml lysolethicin, 
8% formaldehyde and 0.1 M Na phosphate buffer; a 
sixth container comprising a blood collection container 
containing an anticoagulant solution; and a printed in 
sert sheet with complete instructions for use. 

In an even more preferred embodiment of the 
claimed diagnostic kit for flow cytometric assay, the 
fluorescent antibody detection reagent is further de 
fined as flourescent microspheres coated with protein 
A. 

In the magnetic bead assay embodiment of the diag 
nostic kit, the kit should include an antibody detecting 
reagent comprising anti-IgG-coated magnetobeads. A 
sufficient volume to add to all test samples and control 
samples of the assay should be included. 

In a preferred embodiment, the biological sample is a 
human blood sample comprising resting platelets pre 
pared according to the disclosed methods. The human 
platelet test sample is then used for detecting the pres 
ence of thrombospondin on the resting I5 platelet sur 
faces in a method for prediagnosing a thrombotic event. 
The human platelet blood sample is also used in the 
diagnostic kit described herein for measuring thrombo 
spondin. 

It is to be understood that other utilities and advan 
tages of modifications of the specifically described as 
pects of the present invention are embraced within the 
scope of the following claims. 
The following Examples 1-11 are presented only to 

describe preferred embodiments and utilities of the pres 
ent invention, and are not meant to limit the scope of the 
present invention unless specifically indicated other 
wise in the claims appended hereto. 
Example 1 -Thrombospondin Isolation 
Example 2 -Preparation of Anti-Thrombospondin 
Monoclonal Antibodies 
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Example 3 -Platelet Isolation, Stimulation and Fixa 
tion 

Example 4-Platelet-rich Plasma Production and Fixa 
tion 

Example 5 -Platelet Magnasort Assay with Magneto 
beads 

Example 6-Comparative Study Platelet Interaction 
with anti-TSP antibodies F19D-2 -Precipitation of 
Cells with a Second Antibody/TSP-1. Antibody vs. 
F19D-2 Antibody 

Example 7-Flow cytometry analysis of resting plate 
let thrombospondin 

Example 8-Radioimmunoassay Detection of TSP in a 
Biological Sample 

Example 9-Enhanced Flow Cytometeric Analysis of 
Resting Platelet Thrombospondin 

Example 10-Proposed in vivo Human Prediction of 
Thrombotic events using Flow Cytometry. 

Example 11 -Proposed diagnostic kit for predicting 
thrombosis. 

EXAMPLE 1 
Thromobospondin Isolation 

Exogenous sources of thrombospondin (TSP) include 
cells that synthesize and express TSP on their surfaces, 
the matrices produced by such cells, or platelets that 
have released TSP into the microenvironment. How 
ever, plasma does not constitute a significant source of 
TSP. While thrombospondin (TSP) may be obtained 
from any number of biological sources, as well as from 
several available commercial sources, in the presently 
disclosed methods and diagnostic kits with acceptable 
results, the most preferred source of thrombospondin is 
from fresh human platelets. 
A particularly preferred method of obtaining and 

purifying thrombospondin from a fresh sample of plate 
lets is generally by the method described by Lawler and 
coworkers26. The Lawler et al is specifically incorpo 
rated herein by reference for the purpose of detailing 
one general protocol for isolating thrombospondin from 
platelets only. 

In brief, fresh human platelets (25U) were stimulated 
with thrombin at 3 U/ml. Released TSP was separated 
from whole cells by centrifugation, and the TSP-con 
taining supernatant was applied to a heparin-Sepharose 
(Pharmacia Fine Chemicals, Picataway, NJ) column. 
TSP was eluted using an NaCl gradient (with 0.45 
mol/L NaCl, 2 mM Cat 2C),0.02 M TrishCl, pH 7.2). 
The TSP-containing fractions were pooled based on 
concentration and stored frozen at -70' C. The typical 
yield of TSP was 1 mg from each unit of platelets pro 
cessed. 
The purity of the thrombospondin (TSP) preparation 

was greater than 95 percent as determined by sodium 
dodecyl sulfatepolyacrylamide gel electrophoresis 
(SDS-PAGE) analysis. 

EXAMPLE 2 

Preparation of Anti-Thrombospondin Monoclonal 
Antibodies 

The following example is presented to provide the 
most preferred method by which an anti-TSP mono 
clonal antibody is to be obtained. This particular mono 
clonal antibody has binding affinity for TSP on the 
surface and resting platelets. The anti-TSP monoclonal 
antibody is also a most preferred antibody to be used as 
a reagent in the described methods and kits. Preliminary 
results indicate that the monoclonal antibodies prepared 
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according to the following method have the unique 
distinguishing characteristic of preferentially binding 
primarily only that thrombospondin present on the 
surface receptors of resting platelets, while being essen 
tially free of binding affinity for thrombospondin pres 
ent of the surface of activated platelets. 
Hybridoma cell lines secreting antibody specific for 

thrombospondin were produced according to the fol 
lowing protocol. 3 month-old female Balb/c mice 
where immunized with 3 monthly (30 day, 60 day and 
90 day) interperitoneal injections of 10 ug antigen (0.30 
ml) emulsified in equal volume of Freund's complete 
(1X) and incomplete (2x) adjuvant. Three days prior 
to fusion, the immunized mouse was given 10 ug anti 
gen (0.15 ml) intravenously by injection into the tail 
vein. Spleen cells from immunized mice were fused 
with SP2/0-AG-14 (Sp2) myeloma cells in the presence 
of 50% polyethylene glycol, pH 8.0 according to the 
protocol of Galfre and Milstein2. 
The mixture of fused and normal cells were diluted 

out into 120 ml of RPMI-1640 containing 2 mM gluta 
mine and 15% fetal calf serum and 0.1 ml of this mixture 
was plated out into each well of 12-96 well microtiter 
plates. Following an initial incubation period of 16-18 
hours, 0.1 ml of RPMI-1640 containing 2xconcen 
trated HAT (Sigma) was added to each well. The grow 
ing hybridomas were given additional 0.1 ml culture 
medium (minus HAT) six days after the initial plating 
and culture supernatants (0.05-0.1 ml) tested for specific 
antibody to the immunizing antigen by an ELISA tech 
nique, 

Cell cultures from wells with demonstrated antibody 
in their supernatants were cloned 2X by the limiting 
dilution technique. Eight clones originating from differ 
ent wells were arbitrarily selected for antibody produc 
tion, in ascites fluid, in as many as groups of 5 mice. The 
original cell lines representing positive wells, and clones 
from selected wells, were stored at -135 C. 

Cell line F19D-2 (ATCC HB 10516) is a hybridoma 
that was prepared according to the method of this Ex 
ample 2. A hybridoma prepared according to the above 
method results in a hybridoma which produces an anti 
thrombospondin monoclonal antibody capable of im 
munologically binding thrombospondin present on the 
surface of resting platelets. The anti-resting-platelet 
thrombospondin monoclonal antibody was determined 
to be an IgG1 by isotyping. 

EXAMPLE 3 

Platelet Isolation, Stimulation and Fixation 
The present experiment was performed to demon 

strate the increased sensitivity of TSP-platelet surface 
expression, as compared to measures of £3TG secretion, 
in response to increasing thrombin concentrations. The 
As TG secretion was measured using a commercially 
available kit as described in 36 and according to the 
manufacturers instructions (Amersham, UK). The ex 
tent of antibody binding of the anti-thrombospondin 
antibody for thrombospondin present on paraformalde 
hyde-fixed samples of resting platelets is compared to 
pTG secretion measured by a commercial RIA kit. A 
ATG RIA is to be performed on supernatants obtained 
and stored frozen from each tube of "thrombin' stimu 
lated platelets as well as unstimulated controls. 



5,256,538 
27 

Isolation of platelets from a patient sample of 90 ml 
blood is accomplished by the following sequence of 
steps: 

Isolation: 
1. Collect 90 ml of blood in 15 ml of acid-citrate-dex 

trose containing 90 pull of PGEI (Sigma, St.Louis, 
MO) at 10 u/ml and theophylline (Sigma, St.Louis) at 
10 mM. 

2. Spinning down so as to separate out red blood cells 
and white blood cells at 1100 rpm for 20 minutes at 
22 C.; save supernatant; 

3. Spinning down platelets from the supernatant at 2400 
rpm for 15 minutes at 22 C. 

4. Resuspending the platelet pellet in 1 ml of Tyrode's, 
pH 7.2 with 1 mg/ml. BSA. 

5. Loading the resuspended pellet on Sepharose-CL-2B 
(Pharmacia Fine Chemicals, Piscataway, NJ) col 

. 

6. Collecting 3.5 ml of cells from eluate of the column. 
Count platelets with Coulter electronic cell counter: 
Adjust to concentration of 5x 108 cell/ml with Ty 
rode's medium. 
Using the isolated platelets obtained from the above 

isolation, the stimulation of platelets is accomplished 
according to the following general protocol. 

Stimulation 

1. Obtaining 1 ml of the isolated platelets ( 5x 108 
cells/ml); adding 25 ul. 0.2M EDTA; adding serial 
dilutions of thrombin such that the highest final con 
centration is 0.25 u/ml and the lowest final concen 
tration is 0.0005 u/ml; incubate 5 minutes at 22 C.; 
adding an excess of PPACK (Cabiochem, La Jolla, 
CA) to inactivate the thrombin. 

Fixation of Platelets 

Stimulated platelets obtained from this procedure 
were then fixed in paraformaldyhyde according to the 
following protocol. Fixed platelets were then used in 
the variously described diagnostic methods and kits for 
the measurement of resting platelet-(receptor)- 
associated thrombospondin. 

4% 
Parafor- Incubation 20 mM NHCl in 

Platelets maldehyde (30 min/22° C) in TBS pH 7.2 
1. 1.09 ml. 138 ul. - 1240 
2. 1.09m. 138 ul. 1240 
3. 1.09 ml. 138 ul. 1240 
4. 1.09 ml. 138 il. - 1240 
5. .09 m. 138 ul. - 1240 
6. 1.09m. 138 ul. - 1240 
7. 1.09, 138 ul. - 1240 
8, 109 m. 138 ul. --- 1240 

The platelets were spun down at 2300 rpm/22 C. for 
5 minutes. The supernatant was then removed and 
saved for 3TG RIA. The cells were then washed twice 
with Tyrode's buffer with 1 mg/ml BSA. 

Platelets are fixed to preserve the platelet samples and 
to avoid spontaneous activation or other physiological 
changes in the state of the platelet sample which could 
occur during subsequent manipulations. 

EXAMPLE 4 

Platelet-Rich Plasma Production and Fixation 
A simplified method for preparing a platelet test sam 

ple was used for experiments not requiring the addition 
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of thrombin to produce controlled levels of platelet 
activation. Specifically, this procedure was employed 
to address the issue of normal baseline levels on the 
surface of resting platelets obtained from both control 
donors and cardiovascular patients. 

1.5 ml of blood was collected into a tube containing 
825ul of acid-citrate-dextrose and 525 pil of PGE1 at 10 
u/ml and theophylline at 10 mM. The blood was spun at 
800 rpm for 10 minutes to produce a platelet-rich 
plasma sample. 

2. To each 250 ul of platelet-rich plasma, 32 ul of 4% 
paraformaldehyde was added for 30 minutes at 22 C. 
Following the incubation, 282 ul of 20 mM NH4Cl in 
0.45 MNaCl, 20 mM Tris-HCl, pH 7.6, was added. The 
sample was incubated for 5 minutes and microfuged in a 
Beckman Model E microfuge (Beckman Instruments, 
Palo Alto, CA) for 5 seconds. The supernatant was 
saved for BTG RIA for a comparison of the two meth 
ods in terms of sensitivity. In addition, a sample of the 
platelets was also reserved to determine the total possi 
ble quantity of 3TG per sample so that the percentage 
of total (3TG released in any given sample could be 
calculated. 

3. The % of total (3TG secretion was then compared 
to the % of platelets expressing TSP. If the larger por 
tion of resting cells was expressing TSP from the few 
activated platelets, the % of 3TG secretion will be less 
than the % of TSP positive cells. 

EXAMPLE 5 

Platelet Magnasort Assay With Magnetic Beads 
The present experiment is provided to demonstrate 

another of the methods by which TSP on resting plate 
lets may be quantitated. magnetic beads are the labora 
tory vehicle of choice in that they may be used in a 
quick and easy antigen-detection system. For the pur 
pose of this invention, magnetic beads are coated with 
anti-mouse IgG. Magnetic beads coated with anti 
mouse IgG were obtained from a commercial source 
(New England Nuclear, Boston, MA). The anti-mouse 
IgG-coated magnetic beads are then exposed to anti 
TSP antibody. The fixed sample of platelets is then 
added. Bound platelets (i.e., resting platelets with TSP 
on the surface) may then be easily and quickly drawn 
down to the bottom of the reaction plate by placing the 
plate on a magnetic plate (New England Nuclear, Bos 
ton, MA), and the number of the magnetic beads with 
any associated platelets so "drawn down' by the mag 
netization process used as an indication of the amount of 
TSP on the resting platelets. While the present experi 
ment provides a method for measuring TSP on resting 
platelets, stimulated platelets were run in the present 
experiment with magnetic beads in order to determine if 
slight increases in platelet activation (as induced by 
thrombin) could be detected by this assay method. 

Platelets used in this assay were isolated, stimulated 
and fixed as described in Example 3. The cells (100 ul) 
were incubated with FI9D-2 ascites at a 1/100 dilution. 
The cells were incubated for 10 minutes with continu 
ous shaking at 22 C. prior to a sample being taken for 
a cell count and the subsequent addition of anti-mouse 
coated magnetic beads (50 ul). After another 10 minute 
incubation, the 96 well plate was placed upon a large 
magnetic plate while shaking. When the supernatant 
appeared clear (no beads still floating), another 10 ul 
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aliquot was counted in a Coulter Counter to determine 
the number of cells remaining in suspension. 
The difference between cell counts prior to pelleting 

of the magnetic beads compared to the cell counts after 
the pelleting of the magnetic beads, was used to deter 
mine the extent of TSP surface expression on resting 
platelets. The fewer cells left in suspension, the greater 
the extent of TSP surface expression. The pelleted cells 
had TSP on their surface which interacted with the 
F19D-2 antibody and subsequently bound to the anti 
mouse bead-associated antibody. To determine specific 
binding, the monclonal antibody was interacted with 
purified TSP prior to the addition of the antibody to the 
cells. This preincubation bound most of the antibody, 
thus the antibody was unable to interact with platelet 
surface bound TSP. 
The amount of residual binding in the presence of 

excess free TSP was subtracted from the binding in the 
absence of excess soluble TSP to determine the specific 
TSP platelet surface expression. The results are dis 
played graphically in FIG. 5. In addition, if an antibody 
which binds to both resting and stimulated platelets was 
used instead of F19D-2, 100% of the cells were pelleted 
in the assay, as would be expected. 

EXAMPLE 6 

Comparative Study of TSP1-1 vs. F19D-2 
The following example is provided to compare the 

TSP1-1 vs. F19D-2 anti-thrombospondin antibody 
affinity, sensitivity and specificity of resting platelets. 
The results of this comparative antibody study demon 
strate that the anti-thrombospondin monoclonal anti 
body produced by hybridoma clone F19D-2 (ATCC 
#HB 10516) has a comparable sensitivity and specificity 
for thrombospondin on resting platelet surfaces as the 
TSP1-1 antibody produced by anti-thrombospondin 
clone 14E7 (ATCC #HB 8680). 
The present experiment was conducted to compare 

the specificity of two different antibodies for thrombo 
spondin present on the anti-thrombospondin antibody 
for TSP. 60% of the platelets were determined to have 
TSP on their surfaces (resting and activated platelets). 

Platelets were first isolated, stimulated and fixed with 
paraformaldehyde as described in Example 3. The 
F19D-2 antibody is the same antibody as that described 
in Example 2. The experiment was conducted as de 
scribed in Example 5, except samples were incubated 
with either F19D-2 or TSP1-1 (at a final concentra 
tion of 1/100). 

This example illustrates that both the F19D-2 and 
TSP1-1 antibody may be used in the described assays 
to monitor TSP expression on the surface of platelets. 
The percent of cells pelleted by the two antibodies at 
various thrombin concentrations are tabulated below. 

Thrombin Concentration % Cells Peleted 
(u/ml final) F19D-2 TSP-1 

1. .01 45. 62.2 
2. .00 12.7 37.3 
3. .0001 O 7.7 
4. 00001 O O 

These results are presented graphically in FIG. 6. 
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EXAMPLE 7 
Flow Cytometer Analysis of Resting Platelet 

Thrombospondin 
The following example demonstrates the adaptability 

of using flow cytometry to detect platelet surface asso 
ciated thrombospondin. FIGS. 7 and 8 demonstrate 
actual fluorescein labeled platelets obtained in these 
studies. 
The present example is presented to outline a general 

method by which the described detection and quantita 
tion of thrombospondin on resting platelets may be 
accomplished through fluorescent antibody tags with 
flow cytometry. The assay described in this example 
demonstrates the interaction of a preparation of stimu 
lated platelets with anti-TSP Fab fragment antibody 
(rabbit 2166) and anti-rabbit IgG-Fluorescein antibody. 

In general, the present method comprises first prepar 
ing a platelet sample as described in Example 3. Plate 
lets were isolated, stimulated, and fixed according to 
Example 3. Anti-TSP Fab rabbit 2116 antibody was 
prepared at a concentration of 5.78 mg/ml. The cells 
were then indirectly stained with a rabbit anti-TSP 
polyclonal Fab fragment, followed by anti-rabbit IgG 
Fluorescein. This procedure is presented in step-by-step 
fashion below: 
1. Platelets were prepared according to Example 3. 
2. The fixed platelet samples (1 ml) were incubated for 

30 minutes at 37 C. with 10 ul of a 1/10 dilution of 
the Fab. The cells were spun down and resuspended 
in 50 ul of a 1/100 dilution of the fluoresceinated 
anti-rabbit IgG (original concentration of lmg/ml). 
Following a 30 minute incubation at 37 C., the cells 
were washed with 500 ul of Tyrode's twice. The 
platelets were finally resuspended in 500 ul of Ty 
rode's. 

3. The samples were analyzed by flow cytometry for 
relative fluorescent intensity. Relative fluorescent 
intensity may be measured utilizing methods to those 
skilled in the art of flow cytometry. 

4. The resulting data was subjected to a subtraction 
analysis to determine the increase in TSP positive 
cells with increasing thrombin concentration (and 
therefore increasing platelet activation). 

5. The "saved' supernatant samples from the fixed cells 
were assayed for ATG secretion utilizing a commer 
cial RIA kit for 6TG. The percent of cells positive 
for activation (as determined by % total ATG re 
lease) was compared to the percent cells positive for 
TSP surface expression at each thrombin concentra 
tion. The % cells positive for TSP surface expression 
at low thrombin concentrations (and thus low levels 
of platelet activation) measured according to the 
Inventors' described methods far exceeded the % 
cells positive for 3TG secretion. 
This example demonstrates that TSP released from 

the smaller number of cells also secreting gTG (3TG 
and TSP are compartmentalized in the same platelet 
granules) is interacting with a larger portion of cells 
than would be expected: and this population of platelets 
is the resting platelet component. 

Thrombin Concentration % BTG % TSP 
final (u/ml) POSITIVE POSITIVE 

No PGE1/theo 0.0 10.0 
0.0005 0.0 21.8 
0.001 11.0 27.6 
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-continued 
Thrombin Concentration % (3TG % TSP 

final (u/ml) POSITIVE POSITIVE 
0.002 11.0 34.7 
0.004 12.0 42.2 
0.008 13.0 51.8 
0.015 27.0 57.3 
0.03 22.0 63.5 
0.06 28.0 73.6 
0.12 54.0 78.9 
0.25 40.0 83, 

This example also demonstrates that no change in 
activation by STG RIA could be detected until a 
thrombin concentration of 0.015 l/ml was present. In 
contrast, an increase in the % positive cells for TSP 
could be detected at the lowest thrombin concentration 
tested (at 0.005 u/ml). In fact, increased TSP expression 
was noted in unstimulated cells as compared to un 
stimulated cells in the continuous presence of platelet 
activation inhibitors (PGE1 and theophylline). The 
presently described methods are therefore advanta 
geously capable of predicting a thrombotic event in a 
patient having less than an about 0.8% total circulating 
stimulated platelet level. 

This example further suggests that TSP measure 
ments are 15-20 fold more sensitive for limited platelet 
activation than a direct measure of activation (3TG 
RIA for activated platelet TSP). These findings provide 
strong support for the ability of TSP released from a 
small number of activated platelets to interact with a 
larger number of resting platelets thus, leading to the 
amplification required to develop a useful diagnostic 
test for detecting prethrombotic conditions. These data 
are presented graphically in FIG. 7. 
The flow cytometer to be used in the analysis of 

resting platelet associated thrombospondin must first be 
adjusted so as to create a "window' of detection small 
enough to detect a 2 micron sized molecule. Such is 
necessary in order to detect the platelet, which is signifi 
cantly smaller than most cells. These adjustments can be 
accomplished by anyone skilled in the art. 

In a most preferred application of the described meth 
ods for the measurement of thrombospondin on resting 
platelets using the flow cytometry methods, the plate 
lets will be isolated and fixed as described in Example 3. 
In this manner, blood need not be processed and ana 
lyzed immediately to avoid spontaneous activation in 
vitro.13 Such greatly expands the clinical applicability 
of the claimed methods. 

Fixed platelets can be studied by flow cytometry,'. 
The use of fixed platelets for the described monitoring 
of resting platelet associated thrombospondin is not 
expected to affect the binding of the described fluor 
labeled anti-thrombospondin antibody to thrombospon 
din present on the surface of resting platelets. 

EXAMPLE 8 

Radioilabelled Antibody Determination of TSP on the 
Surface of Platelets 

The present example is provided to demonstrate the 
applicability of the claimed invention for measuring 
platelet TSP immunologically using a standard radi 
olabelled ligand binding assay." 
Anti-TSP antibody was radiolabelled with 125I to a 

specific activity of about 0.5 microcuries per microgram 
by a modified chloramine-T procedure.7 A radi 
olabelled ligand binding assay was performed substan 
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tially as described in Aiken et al., which is specifically 
incorporated herein by reference for such purpose. 
Washed human platelets were incubated with an ex 

cess of radiolabelled monoclonal antibody. Following a 
60 minute incubation, 50 ul aliquots of the incubation 
mixture were spun through a cushion of 20% sucrose 
for 2 minutes in a microfuge. The tips of the tube were 
amputated and counted to determine the quantity of 
radiolabelled antibody associated with the cells. 
From the known specific activity of radiolabelled 

antibody, the molecules of antibody associated per cell 
was determined. Typically, less than 200 molecules of 
antibody associate with each platelet in the absence of 
thrombin if the cells are maintained in appropriate plate 
let inhibitors (PGE1 and theophylline). Levels over this 
amount may signal a predisposition to thrombosis. 
While the above described example was conducted 

with TSP1-1 and freshly prepared non-fixed cells7, 
other anti-thrombospondin antibodies give similar re 
sults, and fixation is only useful to prolong the time 
period during which the measurements can be made 
without spontaneous activation. The results of this type 
of assay with fixed platelets and radiolabelled F19D-2 as 
the reporter molecule are represented graphically in 
FIG. 1. 

EXAMPLE 9 

Enhanced Flow Cytomete Analysis of Resting Platelet 
Thrombospondin 

The following example is presented to demonstrate if 
the high affinity interaction between TSP and the plate 
let surface occurs in the presence of plasma proteins 
which may potentially interfer. Another main objective 
of the present example was to increase the sensitivity of 
the assay by utilizing an extremely sensitive fluorescent 
secondary marker. 
The results indicate that TSP does interact with rest 

ing platelets in the presence of plasma proteins, such as 
fibrinogen. In addition, the secondary reporter for TSP 
surface expression was much more sensitive than in the 
previously described examples. 
1. Blood (90 ml) was drawn into 15 ml of acid citrate 

dextrose. The whole blood was centrifuged at 800 
Xg at 22 C. for 20 minutes to obtain a platelet rich 
plasma. 

2.4 ml of plasma was placed in each of 4 tubes. Three 
of the tubes were subjected to mechanical aggitation 
(plasma was drawn into a plastic syringe and ejected 
back into the tube). Mechanical aggitation was per 
formed to give extremely minimal platelet activation 
levels (low levels of thrombin could not be used as 
with washed platelets due to the presence of fibrino 
gen in plasma which would clot under these condi 
tions). 

3.420 pil of PGEI and theophylline (10u/ml and 10mM 
respectively) was added to all 4 tubes. This was fol 
lowed by 552 ul of 4% paraformaldehyde. After 30 
minutes at 22° C., 4972 ul of 20mM NH4Cl was . 
added. The cells were spun at 2200 rpm for 15 min 
utes. The supernatants and a sample of untreated 
plasma were saved for 6TG RIA. The cells were 
resuspended in Tyrode's (1 ml) and stored at 4 C. 
200 ul of each sample was microfuged and resus 
pended in 200 ul of 20mM Tris, 0.45M NaCl, 2mM 
CaCl, pH 7.6 containing a 1/100 dilution of F19D-2. 
Alternatively, 200 ul of the samples were resus 
pended in this buffer containing F19D-2 at 1/100 and 
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TSP at a concentration of 0.398 mg/ml for a specific 
ity block. Following a 30 minute incubation at 22 C., 
a 10 ul aliquot of 1 micron fluorescently dyed beads 
coated with Protein-A (Polysciences, Warrington, 
PA) was added. After 30 minutes at 22' C, 100 ul 5 
aliquots were layered on 20% sucrose in Tyrode's 
and spun in a microfuge for two minutes. This proce 
dure was used to exclude most of the unbound beads 
which remained in the sucrose while the platelets 
were pelleted. The sucrose was aspirated off and the 10 
platelets resuspended in 50 ul of residual sucrose. 50 
ul of 0.33 um Rhodamine-phalloidon (Polysciences, 
Inc.) cocktail containing 200 ug lysolethicin, 8% 
formaldehyde in Na phosphate buffer (pH 7.2) was 
added for 5 minutes to stain filamentous actin (How- 15 
ard et al. (1984), J. Cell. Biol. 98:1265-1271). This 
procedure allowed only the red stained platelets (and 
not free beads, debris, etc.) to be analyzed for green 
fluorescence by flow cytometry. The percent posi 
tive cells in the blocked samples were subtracted 20 
from their counterparts to determine the specific 
component of positive cells. 

Sample % GTG Positive % TSP Positive 25 
No Disruption 0.94 2.8 
Disruption #1 1.3 11.4 
Disruption #2 1.0 7.6 
Disruption #3 1.0 8.9 

This example clearly demonstrates that TSP surface 30 
expression is a sensitive marker for platelet activation. 
Mechanical agitation prior to fixation resulted in a very 
small increase in measurable gTG secretion over the 
baseline undisrupted level (0.36%, 0.06%, and 0.06% 35 
respectively). In contrast, the increase in percent cells 
positive for TSP was quite dramatic (8.6%, 7.6%, and 
6.1 respectively). Thus, the detection of platelet TSP 
surface expression by this assay method is 20-120 fold 
more sensitive than 6TG measurements. 

PROPHETIC EXAMPLE 10 

Proposed In Vivo Human Prediction of Thrombotic 
Events 

40 

The present example outlines the procedure contem- 45 
plated by the Inventors to be useful for the successful 
prediction of thrombogenic events in humans. The use 
of flow cytometry to accomplish this goal is presented 
as a method which is relatively rapid and easily incorpo 
rated into routine clinical hospital laboratories equipped 50 
with a flow cytometer to screen samples. 
The Inventors intend to develop a test to prediagnose 

or identify individuals at risk of a thrombotic event in 
humans. In the development of this method, a "normal' 
standard against which to judge sample thrombospon- 55 
din levels is being established from the determination of 
a mean TSP value from a panel of different blood plate 
let samples. The variability of TSP expressed on the 
surface of resting platelets observed from a number of 
human samples will be thus controlled for and a mean 60 
thrombospondin value determined to establish a mean 
resting platelet thrombospondin level from a pool of 
samples obtained from young healthy donors. 
The Inventors will also determine the level of TSP 

expressed on the surface of platelets from individuals 65 
who have suffered a recent thrombotic episode or who 
may have a familial history of thrombotic disease. Indi 
viduals having recent thrombotic episodes are expected 
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to have elevated levels of TSP expressed on the surface 
of their platelets for a short period of time, after which 
resting platelet thrombospondin levels return to pre 
thrombosis levels, and new platelets become part of the 
circulation. Inventors plan to correlate the data col 
lected with known diagnosis or familial history. It is 
postulated that a correlation will develop between this 
data and known diagnosis or familial history of the 
patient. 

Residual blood samples from normal healthy donors 
or cardiology patients (approximately 5 ml) will be 
subjected to centrifugation to obtain platelet-rich 
plasma as described in Example 4. Most preferably, the 
TSP surface expression on these resting cells will then 
be determined by assays as described in Example 10 
above. 
While the identity of the patient may remain un 

known, the diagnosis and/or pertinent familial history 
will be provided to the primary investigator, thus a 
correlation between increased TSP surface expression 
and recent thrombotic events or a familial history of 
thrombosis may be established. 
The Inventors plan to establish the normal variation 

in TSP-platelet surface expression. The quantitative 
assay for TSP-platelet surface expression is described 
by Example 3 and Example 10 above. 

In a most preferred embodiment of the presently 
claimed diagnostic and predictive methods for identify 
ing a patient at risk of a thrombotic event, the method 
comprises the steps of collecting a blood sample com 
prising platelets from the patient into a receptacle con 
taining prostaglandin and theophylline; isolating the 
platelet-rich fraction from the blood sample; determin 
ing the amount of thrombospondin on the resting plate 
let; and identifying those blood samples having an ele 
vated amount of thrombospondin on resting platelets. 
Patient samples identified as having an elevated level of 
thrombospondin on resting platelets would be indica 
tive of a patient at risk of a thrombotic event. Most 
preferably, the blood sample should be collected in a 
receptacle which contains theophylline and prostaglan 
din. The inclusion of these ingredients will minimize 
artificial spontaneous platelet activation. 

In preliminary studies, 15 normal donors have been 
tested by preparing a plasma sample as in Example 4 
followed by the staining procedure described in Exam 
ple 10. The results are presented graphically in FIG. 9. 
In 13 of the cases the test has been run twice while for 
the remaining two donors only a single test has been 
conducted to date. The thus far established mean value 
for normal healthy donors is 2.71% with a standard 
deviation of 3.65. 
A limited number of patient samples have also been 

tested. Of the 8 patients known to have some degree of 
cardiovascular disease, 3 had more than 20% positive 
cells for TSP. These results are presented graphically in 
FIG. 9. This limited but ongoing study has given some 
insight into possible factors which may effect the test 
results. One of the normal donors had an elevation in 
platelet TSP levels (as compared to the first test) fol 
lowing a bleeding incident. It is highly likely that recent 
bleeding episodes will increase the expression of TSP 
on resting platelets for 5-7 days. In the future normal 
donors will be asked if they have had any recent bleed 
ing. Of the cardio-vascular patients, the majority who 
have been taking anti-platelet drugs (ie. aspirin) tested 
within the normal range. This is not unanticipated: 
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however, this observation supports the need to know 
what regimin has been ordered for each patient. 

PROPHETIC EXAMPLE 11 

Proposed Diagnostic Kit for predicting Thrombosis 
Any of the diagnostic and predictive methods de 

scribed herein may be embodied in a conveniently pack 
aged kit for the same purposes. For example, reagents 
necessary for performing a radioimmunoassay, a mag 
netic bead assay, or for performing a flow cytometric 
assay, as described in Inventors' prior examples may be 
incorporated into a kit form and used in the methods 
described to measure thrombospondin on the surface of 
resting platelets obtained from a patient sample. 
The present example provides a detailed description 

of a particular diagnostic kit contemplated by the In 
ventors to be used in for predicting those persons at risk 
of a thrombotic event. More specifically, the kit may be 
advantageously used in predicting the risk of a throm 
botic episode through the analysis of a patient's blood 
sample containing resting platelets. 
The diagnostic kit provides those reagents necessary 

to detect the level of thrombospondin expressed on the 
surface of resting platelets in a biological sample, most 
preferably a human blood sample. 
The present invention also includes a diagnostic kit 

useful for the prediagnosis of persons at risk for a 
thrombotic event. The kit of the present invention may 
comprise those components necessary for either a flow 
cytometric assay, radioimmunoassay or for a magnetic 
bead assay determination of resting platelet thrombo 
spondin. 
As a flow cytometric assay, a most particularly pre 

ferred embodiment of the diagnostic kit for prediagnos 
ing a thrombotic event in vivo, the kit comprises a con 
tainer means adapted to receive at least two carrier 
means in close confinement therewith; a first container 
means comprising an antibody capable of binding with 
thrombospondin on resting platelets; a second container 
means comprising thrombospondin or alternatively, an 
antibody of isotype and species origin identical to the 
antibody capable of binding TSP but which does not 
itself bind to TSP; and a third carrier means comprising 
a fluorescent antibody detection reagent. 
The described kit may also optionally include a 

fourth container means comprising a sterile solution of 
20% sucrose; a fifth container means comprising a solu 
tion 0.33 uM fluorescent phallodian dissolved in a buffer 
containing 200 pg/ml lysolethicin, 8% formaldehyde 
and 0.1 M Na phosphate buffer; a sixth container com 
prising a blood collection container containing an anti 
coagulant solution; a multiwell microtiter plate; and a 
printed insert sheet with complete instructions for use. 

In a more preferred embodiment of the claimed diag 
nostic kit for flow cytometric assay, the antibody capa 
ble of binding thrombospondin present on resting plate 
lets is a monoclonal antibody F19D-2 (ATCC #HB 
10516). 

In an even more preferred embodiment of the 
claimed diagnostic kit for flow cytometric assay, the 
fluorescent antibody detection reagent is further de 
fined as flourescent microspheres coated with protein A 
(Polysciences, Warrington, PA). 
Thrombospondin as part of the kit is most preferably 

that obtained or isolated from a preparation of human 
platelets as described in Example 1. 
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What is claimed is: 
1. A method for early identification of a thrombotic 

event in a patient consisting essentially of obtaining a 
blood sample from a patient and isolating the platelets 
therein; monitoring the thrombospondin on the resting 
platelets in the sample; and identifying an early throm 
botic event in a patient with elevated resting platelet 
thrombospondin, 

2. The method of claim 1 wherein thrombospondin 
associated with resting platelets may be monitored by a 
radiolabeled ligand binding assay, a magnetic bead as 
say, or flow cytometry techniques. 

3. The method of claim 1, wherein thrombospondin 
associated with resting platelets is detected by contact 
ing a sample possibly containing resting platelet 
associated thrombospondin with an antibody capable of 
binding thrombospondin on resting platelets. 

4. The method of claim 1, wherein the resting plate 
lets include a surface comprising thrombospondin re 
ceptors. 

5. The method of claim 1, wherein the antibody binds 
to thrombospondin at thrombospondin receptors of the 
resting platelets. 
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6. The method of claim 1, wherein the antibody is 

produced by hybridoma ATCC #HB10516. 
7. A method for identifying a patient at risk of a 

thrombotic event consisting essentially of monitoring 
resting platelet thrombospondin according to the steps 
of 

acquiring blood samples from patients; 
obtaining platelet fractions from the blood samples; 
determining thrombospondin amounts on resting 

platelets of the platelet fractions; and 
identifying blood samples having an elevated amount 
of thrombospondin on resting platelets, wherein a 
patient blood sample identified as having an ele 
vated level of thrombospondin on resting platelets 
indicates a patient at risk of a thrombotic event. 

8. The method of claim 7, wherein an elevated level 
of thrombospondin on resting platelets comprises a 
number of resting platelet-associated thrombospondin 
molecules which is greater than an established normal 
range. 

9. The method of claim 7 wherein an elevated level of 
thrombospondin on resting platelets comprises a num 
ber of resting platelet associated thrombospondin mole 
cules of at least 200 molecules thrombospondin per 
resting platelet. 

10. The method of claim 7, wherein an elevated level 
of thrombospondin on resting platelets comprises at 
least 250 molecules thrombospondin per resting plate 
let. 

11. The method of claim 7, wherein identifying a 
patient having an elevated thrombospondin level is 
further defined as comprising: 

obtaining a blood sample from the patient to form a 
test sample comprising resting platelets; 

mixing a known quantity of the test sample with a 
known quantity of an antibody capable of binding 
thrombospondin on resting platelets to form a test 
mixture; 

maintaining the test mixture for a time period suffi 
cient to allow the antibody to bind thrombospon 
din present on the resting platelet thrombospondin 
receptors to form a complexed antibody; 

separating the complexed antibody complexes from 
the test mixture; 

determining the level of thrombospondin on the rest 
ing platelets in the blood sample from the amount 
of complexed antibody present in the test mixture; 
and 

identifying a patient having an elevated level of 
thrombospondin on resting platelets as a level 
greater than about 200 molecules of thrombospon 
din per resting platelet; 

wherein an elevated level of thrombospondin identified 
a patient at risk of a thrombotic event. 

12. The method of claim 7, wherein thrombospondin 
on the resting platelets is present at resting platelet 
surface thrombospondin receptors. 

13. The method of claim 7, wherein the patient is a 
human. 

14. The method of claim 7, wherein the thrombo 
genic event is thrombosis, stroke, cardiovascular dis 
ease, deep venous thrombosis, pulmonary embolism, or 
myocardial infarction. 

15. The method of claim 7, wherein the test mixture is 
to be maintained between about 30 minutes and about 90 
minutes at about 22 C. or about 37 C. 

16. A method for preventing a thrombotic event in a 
patient through the early detection of elevated levels of 
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thrombospondin on resting platelets in a patient sample 
consisting essentially of: 

obtaining a blood sample from the patient and isolat 
ing a platelet fraction from the sample; 

determining the amount of thrombospondin associ- 5 
ated with the resting platelets; and 

identifying a patient having an elevated level of 
thrombospondin on resting platelets; and 

administering to the identified patient a pharmacolog 
ically acceptable anti-thrombotic pharmaceutical 
agent. 

17. A method of claim 16, wherein the antithrombotic 
pharmaceutical agent is heparin, acetylsalicyclic acid, 
or other anti-platelet agent effective in preventing plate 

10 

15 
18. The method of claim 16, wherein identifying a 

patient having elevated resting platelet thrombospondin 
levels comprises: 

determining the level of resting platelet thrombo 
spondin in a patient sample; 

comparing the patient level of resting platelet throm 
bospondin to a mean resting platelet thrombospon 
din level, 

wherein a mean resting platelet thrombospondin level 
comprises an average resting platelet thrombospondin 
level from a non-thrombotic population of patient sam 
ples, and wherein an elevated resting platelet thrombo 
spondin level is identified as a patient thrombospondin 
level above the mean resting platelet thrombospondin 
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30 

19. The method of claim 18 determining the level of 
resting platelet thrombospondin comprises the steps of: 

preparing a platelet-rich plasma sample to provide a 
platelet-rich plasma sample comprising resting 
platelets; 

exposing a known amount of the platelet-rich plasma 
sample to a known amount of an antibody capable 
of binding thrombospondin on resting platelets to 
form a test mixture tube; 

preparing a second tube comprising a known amount 
of patient platelet-rich plasma and exposing the 
second tube to a known amount of an antibody 
rendered incapable of binding platelet surface 
thrombospondin on resting platelets, to form a 
negative control tube; 

incubating the test mixture tube and the negative 
control tube a period of time sufficient to allow 
binding of thrombospondin present in the test mix 
ture tube and the negative control tube to the anti 
body to form complexed antibody; 

exposing the complexed antibody in the test mixture 
tube and the negative control tube to a sufficient 
quantity of an antibody detection reagent capable 
of binding the complexed antibody; 

incubating the test mixture tube and negative control 
mixture tube for a time sufficient for binding of the 
antibody detection reagent and the complexed 
antibody; 

separating the complexed antibody associated with 
the antibody detection reagent from unbound anti 
body detection reagent in the test mixture tube and 
negative control tube; and 

the amount of thrombospondin present on resting 
platelets in the test mixture tube and the negative 
control mixture tube; 

wherein the level of resting platelet thrombospondin is 
determined by subtracting the amount of complexed 
antibody present in the negative control tube from the 
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test amount of complexed antibody in the test mixture 
tube. 

20. The method of claim 19 wherein the antibody is 
rendered incapable of binding thrombospondin on rest 
ing platelets is prepared by preincubating the antibody 
with sufficient purified thrombospondin to render it 
inactive. 

21. The method of claim 18, wherein the antibody 
capable of binding thrombospondin on resting platelets 
is a monoclonal antibody. 

22. The method of claim 21, wherein the monoclonal 
antibody is labeled With I125. 

23. The method of claim 21, wherein the monoclonal 
antibody is labeled with a fluorescent substance. 

24. The method of claim 21, wherein the monoclonal 
antibody is labeled with an enzyme. 

25. The method of claim 18, wherein the monoclonal 
antibody is detected with an antibody detection reagent; 

26. The method of claim 25, wherein the antibody 
detection reagent is a substance capable of binding to 
the monoclonal antibody. 

27. The method of claim 26, wherein the antibody 
detection reagent is a fluorescent microsphere coated 
with protein A or, alternatively, an antibody which 
binds to the monoclonal antibody. 

28. The method of claim 26, wherein the antibody 
detection reagent is a magnetic microsphere coated 
with protein A or, alternatively, an antibody that binds 
to the monoclonal antibody. 

29. The method of claim 26, wherein the antibody 
detection reagent is a fluorescent conjugate of protein 
A, or alternatively, an antibody that binds to the mono 
clonal antibody. 

30. The method of claim 21, wherein the monoclonal 
antibody is produced by a hybridoma clone 
ATCC#HB10516. 

31. A method for prediagnosing a thrombotic event 
in a patient consisting essentially of monitoring throm 
bospondin on resting platelets in a patient blood sample 
according to the steps of: 

obtaining an anticoagulated patient blood sample; 
separating platelets from the patient blood sample to 

provide a platelet test sample; 
exposing the platelet test sample to an anti-thrombo 

spondin antibody capable of binding to TSP recep 
tor binding sites on resting platelets in the platelet 
test sample; 

incubating the antibody and platelet test sample a 
sufficient amount of time to allow the formation of 
antibody-resting platelet complexes to form a plate 
let antibody complexed sample; 

exposing the platelet antibody complexed sample to a 
known amount of magnetic microspheres capable 
of binding an antibody resting-platelet complex; 

incubating the platelettest sample for a sufficient time 
to allow binding of the microspheres to the anti 
body-resting platelet complexes to form antibody 
resting platelet microsphere complexes; 

separating out the antibody-resting platelet micro 
sphere complexes from free platelets in the platelet 
test sample; and 

determining a percentage of free platelets that remain 
in the test sample and a percentage of platelet-anti 
body-microsphere platelets; 

wherein the difference between the percentage of free 
platelets and microbead-bound platelet complexes indi 
cates the percentage of resting-platelet associated 
thrombospondin in the patient blood sample for use in a 
thrombotic prediagnostic method. 
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